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THE PRODUCT OF THE ACTION OF SODIUM DIETHYL PHOSPHITE 
BROMOACETONE 


Ac2demician B.A. Arbuzov, V.S. Vinogradova and N.A. Polezhaeva 


In previous communications [1-3], we reported data obtained by us on 
phosphinic acids and data obtained in a study of the synthesized compounds by chemical methods (bromine = 
tiation) and by means of ultraviolet absorption spectra with the aim of detecting tie presence o¢ absence fe 
the estess of 8-ketophosphinic acids of keto-eno} tautomerism. The syntheses of the esters of 5 -ketophosphinic 
acids were carried out by the A.£, Arbuzov rearrangement by the action of wlaiky] on a-halole- 
tones ~ and by the Michaelis-Beckes method — by the action of sodium diethy] phosphite on a-haloketones, 


It was established in recent investigations (4) that the reaction between a-haloketones or @-haloaléchydes 
and tialky] phosphites can proceed partially or wholly in an anomalous manner aod cen lead to he formsiion 


of an unsaturated esier of phosphoric acid, 
CH, — CO — CH, — P(O) (OG normal reaction 
CH, = C—O —P (0) (OC,H,), snomalous reacdos 


Very careful distillation 1s required in order to obtain the etn of acide free from the 


usted phospheric acid ester, 
The Michaelis-Becker reaction can be represented by the equation 


3 
CH,CO — CH,Br + = CH, —CO — CH, — P{OCG + NaBr. 


A comparison-of the 8-ketophosphinic acid esters pre pared by the A.E. Arbuzov method an¢ those pre- 
pared by the Michaelis-Becker reaction brought out certain differences in their constants [2], which, however, 
were not great, However, in the ultraviolet absorption spectra of the B-kctophosphinic acid esters we observed 
an essential difference in relation to thelr method of preparation (3}. 


Phosphonoace tone prepared by the action of tiethy! phosphite on bromoace tone had a maximem ia de 
region of 2800 A, which is characteristic of the carbonyl] group. Phosphonoacetone prepared by the action of 
sodium diethy] phosphite on bromoacetone had an absorption spectrum of smoother character and cid not have 


a maximum in the 2800 A An was with esters of other tphinic 
acids, 


This distinction spurred us to a more detailed study of the products of the reacnon of sodium diethy] 
phosphite with a-haJoketones, We were unable to detect the presence of the carbonyl! group in the produc: ob= 


tained by the Michaelis-Becker reaction such reagents as semicarbazide and 
hydrazine, 


The absence of a maximum in the 2800 A gen of the absorption spectra and the ciaete reaction with 
semicarbazide and 2 '2,4-dinkropheny Thy drazine can be explained by ascribing to the product of the reaction of 


? 
4 
A . 


with diethyl paphite thy sirvctuy of au ester of an epoxy ecid, 
Obulniag a phoophinic eater with an oxide Is quite reaumable If It ts that the sodium aie 
plaxphite rcacts with the 1 group (1) and not with the halogum 
— CO — Nal(O) —¢ —14O) — — = 


Cit, (11) 
cut, — oc + NaBe. 
of 
Subsequent ¢mination of sodium bromide gives the epoxypl-osphinic acid ester (I). 


The possibility of reacting sodium dicthy! phosphite with a carbonyl group was previously demonstrated 
by ALE. Arbuzov and ALM. Axanovskoya (5). In order to coafirm this course of the reaction, 
we carticd out the synthesis of the epoxyphosphinic avid ester by the roures 


Cil, — CO — + 11(0) — 


—+ ci, P(0)— 

° 

The constans of the preparations prepared by the two indicated methods were very close (see Table 1). 
Theis ultraviolet absorption spectra were also very much alike, Interesting data were obtained by Raman 
specra, 


TABLE 1 


Preparation obtained by the 


Michaelis-Becker method | 90 3.1153 | 1.4317 | 48.16 
Epoxy pre peny Iphos phinic 
acid ester 91 45° | 1.2137 | 1.4313 45.17 


The frequency of the ketone group C=O 1712 cm", is clearly apparent in the spectrum of the phospho- 
Bo acetone prepared by the action of ticthylphosphite on bromoacetone. Spectra of the preparation prepared 
from bromoacetone and sodium diethy] phosphite agree completely with the spectrum of the epoxy propenyl- 
puosphinic acid ester, The frequency in the region of the ketonic carbony! group is absent from these spectra, 


These data confirm the formation of an cpoxyphosphinie ester in the Michaelis-Becker reaction with 
bromoacetone. It is probable that the formation of esters of epoxyphosphinic acids occurs in the action of so- 
dium diethyl phosphite on other e@-haloketones, Werk in this direction coutioves, . 


EXPERIMENTAL 


The pone of the oie of sodium dicthy! phosphite was prepared as previously described (2) After 
distilladon in a 16-theoretical plate column with glass coil packing, it had the following constants: 90°/4 mm; 


86°/2.5 mm; 1.4317; 1.1153; MRp found 45.14, 


synthesis of esters of epoxyphosphinic acids were carried out by this same routs simultaneously and ine 
dependently from us by V.S, Abramov, 


m 
- 
4 
i 
é 
: 
: 
; : 


Reacudon of chlocoacetonw with ‘dicthylphosphorous acid, Eyuimolar emounts of chloroacetone aud 

ethylphusphorous acid were mixed in a distillation flask, and several drons of a concentrated solution of spdium 
methylsts were added to the inixturo. A mild heating of. the mixture was observed. The contents of the flask 
were cated for 3 hours on an ol} bath at 160-165". After neutralization with acetic acid and distillation, 8 
fraction having the following constants was obtained: 124-126°/4 mm or 132-134°/S.5 mm; 1.0615; 
1.1675; MRp found 51.04, for C11,4O,PC1 MRp calculated 51.78; found P 13.59%, calculated ? 13.45% 235g 
yield from 24.9 g of chloroacctone. 


The action of alcoholic alkali on ne diethyl ester of a-hydroxy-8 -chlorolsoprope ny Iphus phinte acid. 
To a solution of 5.8 g of potassium hydroxide in 150 ml of absolute alcohol was added 23.5 g of the ester er of 
hydroxychle:. sopropenyIphosphinic acid having a b.p, of 132-134°/5S.5 mm. beating for 4 hour oa 
watcs bath and separation of the potassium chloride, distillation of the filtrate gave a fraction with a b.p. of 
11.5-78.5°/1 mm; 1.4308; 1.1163; MRp found 45.02, for MRp calculated 45.53; found P 
16.074%_ calculated P 15.97% 


After disdilation in @ columa of 16 theoretical plates, the subsiance bad bp. 91°/4.5 nm; off 1.4313; 
1.1137; MRp 45.17. 


received July 4, 1986 A.M, Butlerow Chemical Research Institute st 
the V.L Ulyanova-Lenin Kazan State 
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_— EFFECT OF THE stauctuar OF COMPOUNDS OF THE SCHIFF BASE 
CLASS ON THEIR aarcabmchines AS METAL DEACTIVATORS 


A.A. Geucew and Z.A. Sabliias 


(Presented by Academician A.V. Topchiev, May 29, 1956) 
Ia order to prevent the catalytic ection of metab on oxidative processes (for example, in fuels), tpecial : 
addidives — metal deactivators (inactivators) [2.2] — can be added, The deactivating property of such additives 
can be explained by their ability to form non-tonie complex — with the ee 
feel 


A considerable number of compounds possessing deactivating properties are found in thet class of come 
products of dhs condensation of aldehydes with 


TABLE 1 
Properdies of the Synthesized Salicy Néenes 
Outward M.p., 
Compound Solubl Uty 
. Salicylideneaniline | Fine, yellowish gray | 45 | In gasoline, benzens, 
cryxab alcotol, etc, 
Salicylidene-ortho- | Lustrous, orange-red | 176 | In alcoho! and acetone; - 
aminophenol plauss spariogly la benzens 
Salicylidenc-meta- | Orange-yellow pow- | 228 | In acctone; difficully 
aminophenol ia benzens 
Salicylidene-para- Ycliowish brown 137 In acetone; difficulty 
aminophenol (powdex in benzens 
Disa licy idene- Fine, light orange 160 Difficultly sohibleim- - 
ortho-phenyl- needies alcohol, benzene, 
enediamines and in acetone with 
beating 
_ Disalicylidene-meta-] Lustrous yellow 211 In ecetone; difficulty ~ 
phenylenediamine plaies in beazens 
 Disalicy dene -para- Lustrous bright orange] 109 | Difficultly in acetone; 
phenylenediamine | crystal soluble in hot bea- 


The hydroxybenzaldehyde having the hydroxy] group in the ortho position to the aldehyde group (salicyl- 
aldehyde) is used for the synthesis of compounds with good deactivating properties, since complex formatioa be- 
tween such a Schiff base and the metal occyrs with the formation of the most stable ring, one containing 5-6 =~ 
atoms, Schiff bases from ortho- and para -hydroxybenzaldehy des form complexes having 7- and 8-membered 
tings, which do not possess sufficient stability. In other words, the selection of the a 
synthesis of the deactivator is Nmited to a knowa extent, 


| 
| 
i 
a 
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The selection of the foe the of a Schiff haw having good deactivating propurtios ls hess 
Hilted, and of steuctires are fog tls purpow tn thy patent 


We lavestipated the of deactivating schiff baw coupounde on the 
of the anwnatic amine ased In the synthesia, The Sebilf bases Investigated prepared by the reaction of 
cyl with a simple asomatic amine aniilas — and with derivatives of aniline - diamines and hydroxy- 
ani lios ja which the sconnd auine ar hydroxy! yroup occupied differeut posi ions with respect to the amine group, 


TABLE 2 


Comparative Effectivercss of Salicylideacamia picools ia Reo 
latiow to the Position of the Mydroxy] Group (Oxidation at 110° 


for 2 
Absorbed  Existeat gum afe 
Sample | oxygen, ml | oxidation, 
mg/100 mi 
Original gasoline os 
Gasoline in the jcusence of 
Gasoline in the prescace of : 4 
cupper and salicylidens- 
aniline 20.1 ae 
Gasoline in the presence of 
copper and salicylidenc- 
ortho -hydroxyani linc 17 15 
Gasoline. in the presence of 
copper and ssilcylidenee 
meta -hydroxyaniline 18,2 a 
Gasoline {a the presence of 
copper and salicylideae- 
pata-bydroxyaniline 5.8 40 


The following compounds were syntesized: 1) salicylidencaniline, 2) salicylidcne -ortho -hydroxyaniliae 
(salicy idene -ortho-aminopheno]), 3) salicylidene-meta -hy droxyaniline (salicy Uidene -meta-aminopheno)}, 
4) salicylidene -para -hy dronxyani line (s3 icy idene-para-aminophenol), 5) disalicylidene -ortho-phenylenedie 
amine, 6) 7) disalicylidenc 


Synthesis of the indicated compounds were, in de main, carried out by the following method [4}. A 
weighed amount of the aromatic amine was dissolved in 30% acetlc cid with heating (60-70°), After solution 
of the amine was complete, a two-fold (bascd on the acetic acid) amount of water was added to the solution. 
Aa equimolar amount of salicylaldehyde, with respect to the amine, was added to this solution. The reaction 


, procecded rapidly, and the salicylidene had precipitated after 5-10 minutes of vigorous stirring; the color of 


the solution remained constant attesting to the completion of the reaction, which BPR according to the 
equitica 


ortho-amino- sslicylaléchyde 


C48 


i} 
4 
4 
i 
| 
| 
| 
> 
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The precipitate: of aalicylidene was filtered a aud frum alcobol or 
the of lustrous necdles ur (we Tabls 1). 


The synthesized compounds wery tle gasoline elther directly or in some solvent. The ace 
tivatlog peopertics of the Compounds were Compared in conceutrations ef 10 mg per 100 in] of gasoline, The’ 
comparisons were corricd out by oxidation of the gasoline in te presence of copper plaics ia cloesd 
(9) and subsequent measurcowat of the amount of oxygen absorbed during the oxidation and esata of the one 
idized fuel, 


The Investigation of dw salicylidenes prepared from aiminopheaols of different structures (sce Table 2) 
sowed that the effectivencss of Schiff base inctal dcactivators depends oa the suructuse of the aromatic amine, 


The effecdvencss of the deactivator increased with the introduction of a hydroxy] group into the amine, 
and depended on the respective positions of the hydroxy] and amino we increasing from the meta- to us 
pata~ to the ortho-position. 


Salicylidenchydroxyanilines form complexes with copper which appsreatly have the following structures: 


‘oak 
R 
7 Can” “NaC 


comp lex Compoun 

complex compound of cop~ 
with salicy dene -pass- 


TABLE 3 


Comparative Effectiveness of Salicylidenephenyleneamines in Relaiioa to the telidiie of the Amino Groups ia 
the = Diamine (Oxidation at 130° for 2 Hours) ‘ 


Absorbed [Exinent Atsorbed | Edintent 
oxygen,ml] gum after oxygen,m!} gum after 
oxidatioa oxidation 
mg/100 mil mg/100 mi 

Original gasoline 0.5 Gasoline in the presence of 
Gasoline in the presence of copper and disalicy lidene- a 

copper, 223 68 meta -pheny lene diamine 
Grsoline in the presence of Gasoline in the presence of - 

copper and salicylidene- copper and disalicylidene- 

aniline 20.1 60 para-phenylenediamine 14.7 
Gasoline in the presence of 

ectho-phenylenediamine | | 44 


> 


It ts evident that the presunce of a hydroxy! group in the ortho-pusition creates favorable conditions for 
the formstivg of a mere stably: courdinato with thy altrogoa, 

Aa analogous dependence of the deactivating proportive of Schiff base rolation to the distributicn of 
the amino groups is found ta the disalicy series (Tabic 3). too, an ortho-distib- 
wtioe of thy substituents bas a positive effect on the duactiveting ability of its compocad, 


Ti, Sl ow metal canbe fond among comovnds pared from ata 
hawing another substinment orto to the amiao group, 


Reorived March 31, 1958 
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CONDENSATION OF 7, 7-DICHLORO- 
CROTONIC, AND y-BROMOCROTONIC ACIDS WITH BENZENE 
IN THE PRESENCE OF ALUMINUM CHLORIDE 


Academician A.N. Nesmeyanov, Zarkbaskia and R.Kh, Freidlins 


The condensation of benzene with compounds of the tyse RRC = CH — CCl, where R and R, a-e H, alkyl, 
of phenyl, in the presence of ajuininum chloride, is accompanied by allylic isomerization and leads com- 
pounds of the type CligCRACH = CCh [1-3}, The direction of this reaction is difficult to predict ia the case 
of 7.7.7 ~trichlorocroicalc acid, CC,CH = CH COOH, is which there are two oricating groups, CCI and 
COOK, and the double bond can conjugate both with the carboxy] group-and with the wichloromethy] group, 


. It was recently reported [4] that condensation of y, 7, 7 -trichlorocrotononitile with benzene in the pre- 
sence of aluminum chloride gives B-piieny}-y, y -dichlorovinylacetonitrile, CCl, = C(C,H,)CH;CN, the forma- 
uica of which was explained by dehydrochlorination of the intermediate product CC1,CH(C,.H,)CH,CN by the - 
aciion of the aluminum chloride, The proof of structure of CC = C(C,H,)CH,CN which was given in the ine 
dicated paper did not permit determination of the position of the phcny) group with respect to the CN group, 


‘In the present work, we studied the condensation of y, 7, y~triclilorocrotonic acid with benzene in the 
presence of aluminum chloride, 2nd we found that the condensation proceeds with the formation of e-pheayl- 
acid according to the scheme 


CO, = Ci—CH—COOH 


Thus, - this reaction conjugation fs with the cc, group, and not with the carboxy] group, Crotoaic ecid 
condenses with beuzene = the presence of aluminum chloride with the fui nation of se tt ald 


CH,CH = CH — COOH + GH,“ 


The structure of the a-phenyl-y,y-dichlorovinylacetic acid was shown by conversion to the knowa e- 
phenylbutyric acid by hydrogenation in alkaline medium, The position of the double bond in this acid follows 
_ from the fact that the acid is stable toward hydrolysis in weakly acid or neutral media, while, for example, 
CJigCH = CH — CHC}, Is easily hydrolyzed by water to cinnamaldehyde (6}. By the action of wiethylamine om 
a-phenyl-y,y -dichlorovinylacetic acid under conditions under whict dichlorovinylacetic acid [7] lsomerizes 
to y,y ~dichlorecrotonic acid, a reaction product is formed which gives cinnamaldchyde on teatment with 
water. This conversion confirms the structure a-pheny}-y, y ~dichlorovinylacetic acid, and can be ee: 


follows; CCl, = Ci —CH—COOH 


: 
. 
| 
: 
F 


ehhkwide. 


Fee with acid, the condensation of achd and 
acid with benzene the presence of alumloun chloride was lavestipated, y,y-Dichhwoe 
crounic acid cundcaws with benzene accudlag to 


«= CHI — COO! 4-1, pone = 


The smeturc of Uw y,y -diphcnylcrvtonic acid was shown by conversion to Uw known y,y -diphcayl- 
viny acid under the influcnce of alkall and oxldation with potassium pennaaganaty to Aohenylacetic 
acid, y-Bromocrotonic acid condeses easily with benzene with the formation of y acid, 


EXPERIMENTAL 


1. Condensation of acid with benzene. To 8 solution of 20 g of -trichloro- 
crotouic acid in 80 of benzene was added gradually with agitation 18 g of aluminum chloride. The temper- 
ature of dhe reaction mixture increased to 35° during the addition, Ts mixture was agitated for 2 hours at3S- 
45°, cooked, and decomposed with dilute hydrochloric acid, The benzens layer was exacted with a dilute ee 
solution of sodium hydroxide, The resulting aJkaline soludion was acidified witn hydrochloric acid, and the 
erated oi] was extracted with chloroform, The chloroform exwact was dried ovcr calcium chloride. Distillation 


under vacuum gave 18,1 g of e-phcnyl-y, y -dichlorovinylacctic acia with 2 b.p. of 145-146" at 1.5 mm 
m.p. 87-58" (from benzene perroleum ether). 


Found $e © 52.25; 5246; H3.65; 3.46 CyligChOy. Calculated Se C5218; 43.46 


A solution of 2 g of e-phenyl-y. y-dichloroacetc acid and 2 g of sodium hydroxide in 70 m! of water 
was hydrogensted in the presence of 0.1 g of 5% Pd/B3SO, for 1.5 hours, This gave 1.2 g of an acid which dd 
not contain chlorine and which was heated with 2 ml of thionyl chlori¢ 2 tos > hours, The excess thioay] chloride 
was distilled under vacuum, and the remaining acy] chloride was diss Ived in dry ether, The ethereal] soluticn . - 
was saistated with dry ammonia, a-Phenylbutyramide at &4 -85* (from benzene) was obtained. Lit- 
erature data mp. No depression was obtained in a 2d melting point with a knows 
sample of a-phecy Ibutryamide, 


4.6 g of e-phcayi~7, y-dichlorovinylacetic acid and 5 g of sriethylamine were heated at 40-S0° for 3 
hours, The mixtuze was.poured into dilute hydrochloric acid and allowed to stand for 2 hours, after which it = 
was extracted with ether. The ethereal solution was filtered from the tar and dried over sodium sulfate. Vac- a 
uum distillation gave 0.9 g of cinnamaldchyde, the 2,4-dinitrophsny lhydrazone of which melted at 250-25I° 


(from giacial acetic aci¢). It did not give a melting point depression in admixture with a known sample of 
cinnamaldchyde 2,4-dinitropheny tiydrazone, 


“2, Condensation of y, y-dichlorocrotonic acid with benzene. To a solution of 15.5 g of 7, y -dichloro- 
crotonic acid in 60 ml of benzene was gradually added 15 g of aluminum chlodde, The soluvion was agitated 
at 40° for 1 hour, cooled, and decomposed with dilute hydrochloric acid. The benzene solution was extracted 
with a dilute solution of sodium hydroxide, Acidification of the alkaline solution gave a crystalline precipitate 
which was collected on a filter, washed with water, and dried, Obtaincd: 18.8 g of y,y-diphenylcrotonic a 
acid,® m.p, 135-136" (from benzene + petroleum ether). B.p. 185-186" at 2 mm, 


Found fe C 80.96; 81.01; H 5.84; 6.03 CyHyO,. Calculated Je C 80,71; H 5.88 


By heating a solution of 4 g of y, y-diplcnylcrotunic acid and 6 g of potassium hydroxide in a mixture of 


*The preparation of y,y~- diphenylcrctonic acid with a m.p. of 335-116° by the condensation of diphcnylace- 


taldehyde with malonic acid was rcported in reference ” This report is in error, since actually diated? 
vinylacetic acid is obtaincd, . 


4 


| 
j 
: 
« 


15 ml of water and & ml of mcthy! alcohol for 3 hour ond subsequent acidificesion with hydrochtute acid, 
acid melting at 115-116 (from benzene potrolcum ether) was obtained, Literature 
data: Oxidation of 2 g of acid with a solution of 4.9 g of potassium 
permanganato and 2 g of potassium hydroxide in 100 in} of wates oe Seer acid with a cnet of 145- 
146° (fron water), Litcraturo datas m.p, 146° {11}, 


Hydrogenation of 2 g of y, y-diphenyicrotonic acid in alcoholic solution in the presence of 0.1 go 5% 
Pd/BaSO, gave 2 g of y,y acid with a mp of 106-107" (from aqueous alcoho}. Literstus 
datas mp. 107 


3. Condensation of y -bromocrotonie with benzene, Tos ‘solution of 1 16 g of acid 
fa 50 inl of benzene was added with stirring 15 g of aluminum chloride, The solution was agitated unti] evole- 
tion of hydrogen halide ceased, and was then decomposed with water and treated as in the case of y,7,7-tH1° 
chlorocrotonic acid. Distillation under vacuum gave 10.2 g of y-phenylcrotonic acid with a b.p, of 137-138" 
at 2 mm, m.p, 64-65° (from benzene petroleum ether). Literature dates m.p. 65° (13}, No was 
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‘SYNTHESIS OF ACETONITRILE FROM PENTANE AND AMMONIA 
Ya.M. Paushkia and L.V. Osipova 


.  Acetonitile finds variegated application in chindest Kt fs a with bp, 81.5", mp 
substances, 

Acctonitcle is used as an intermediate product in the preparation of plasticizers, vitamin B,, diethyl- 
and tiethylamines, insecticides, and can also be used in a numbcs of reactions in place of acetic anhydride 
and acetyl chloride; acetic acid and acetamide are prepared from it commercially. Acctonlwile can be used 
as a solvent for spany substances and as‘an couaioes in azeotropic cistillation, 


Acctonitrile is prepared by the reactions of; 
1) acetic acid with ammonias 
CH,COOH + NHy CHACN 
2) methyl chloride with cyanides of the metale 
3) methanol with hydrogen cyanides 
4 unsaturated compounds with ammonia: 


Ammonia reacts with acetylene at 300-350* in the presence of dthydration catalysts, aluminum oxide 
silica gel 


{ Recently, there have appeared a number of papers, chiefly of a patent nature [1, 2, devoted to the study | 
of the reaction of olefins with afnmonia, In one group of patents, the catalysts were Co and Ni 06 various car- 
tiers and with various promoters, The reaction was carried out at elevated pressure, and the product was a mix- 
tare of amines and nitriles, the composition of which was not studied, In a second group of patents, the catalyss 
4 were described as based on molybdcnum, chromium, vanadium, and tungsten. The reaction proceeded at at- 
mosphesi¢ pressure, and the main product was acetonitrile, 


Zinc sulfate on silica ge} can the reaction of ethylene ith 
toniwile is obtained at 450° [5} 


: In recent years, several papers by A.F, Plate and M.E, Volpin [4-6] on the sani of acetonitrile from 
olefins and ammonia have appeared, Metal oxides deposited on aluminum oxide were used as Catalysts. In the 
4 case of ethylene, the yields amounted <0 (in moic $ of the okfin): acetonivile, 16.7; propylene, 33.5; amy- 
lene, 41.6. The mechanism of this reaction, experimentally confirmed, in the opinion of A.F. Plate and M.E, 
Volpin, condsts of the addition of ammonia at the site ve the double bond Uy to mnsstoermaae tule with 


> 
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the ed am which then te the wltrila, 

ate two potent septs that can by prepared by tho action of ammouls with 
porflinic hydrucarbeag Lewever, ao sclcatifle work oa teis question bas boca published, 

The authors of the Commnmication studied the direct synthesis of acotunitlle from a-pontane and 
anwnoula at atuwepheric prosewe and a temperature of 450-600" ever commercial wolybuvas lumina catalyse 
(10S molybocmun oxide aad 90% aluminum oddc), The reaction procecded with the destruction of pontane; 
however, the mechanism of the rcaction fs still insufficiently studiud, 
tha procceds according to tie following cquationy 
Cally + Nt CHYEN 304, 


The main product of the reaction is acctonltrile; the prescace of very small amounts of propionitrile was 
also dcivonstrated. Side reactions occurred under the Conditions of the experiment; decomposition of ammoanis - 
to the clements and cracking of the acctonitrile formed, The formation of very small smouats of ammonium 
cyanide and the deposition of coke on the catalyst were also obscrved. The original a-pentane bolied is the 
range of 32-36" and had of 0.63 and aj 1.3605, The ammonta was fed from 4 cylinder. In the experimean, 
the mole ratio of the reactants, the space rate, and the tcmpctatuse were varied, — 


The reaction was carried out in a reaction tube containing 200 ml of catalyst and installed ia s fumnace, 
the temperamre of which was maintained by means of a temperature Controlics and measured by a thermo- 
couple. The ammonia was passcd through a flcoinctcs Into « heated mixing vessel, where the pentane was 
added dropwise from a Balandin buret and where vaporization and mixing of the pentane with the ammonls 
took place. The gas mixture, in dhe required ratio, passed into the heated reactor containing the catalyst. The 
Catalyzate was firs: condensed in a water-cooled condenser and thea in three aps at temperatures of —25° and 


TABLE 1 


P B.p. in °C M.p. of [Elemental composition, 
CH,CN and pres, Mol Wt | acetyl- 
phicro- 


Synthesized 


Lit. data 


(160) 


The catalyzate was beated for 30 minutes with a reflux condenser on a water bath to remove the ame 
monia and ammonium cyanide. The lower layer was separated from the hydrocarbun sayer (acetonitrile fs 
poorly soluble in pentane) and distilled from a Favorsky flask. Fractious boiling at 72-79° and 79-98" were col- 
lected. The 72-79" fraction, the acetonitrile -water azeotrope, was dried over solid potassium hydroxide and 


distilled over 
. In addition to the determination of its constants, the acctonitrile was sdentified by preparation of acctyl- 
phloroglucine-the condeitsa tion product of acctonitiie and plloroglucine— the melting point of which is charae- 
tcristic for nitriles. The physicocie mical constant aad the clemental composition of the acctonitile obtained 


- 


are presented in fable ~ 
The nitrogen content averaged 33.6%, which is close to the thcoretical value (34.1%. 


Thus, these data, and also a scrics of apirentnetd reactions, showed that the substance obtained was ace- 
tonitrile, 
From the combined 79-98" frsciions, by several a 72-15" fraction was obtained 


80-81 0.7822 | 1.450 217-218 |58.76 1.4 
81.6 0.7828 | 1.3442 412 | 2185 58.52 1.36 
SS 
4 
{ 


TAGLE S 
Cffowt of Conditions on Viele of he trom and 
experiment ture, °C NI space rate version inte | CHZCN 
of pontanc Soul 
charged pontaus roo 
Effect of mole ratio 
Sle 130.5 O15 51.2 16.3 
Al S10 ist 0,15 A300 27.0 04 
53 518 1:2 0.15 47.6 39.4 15 
43 1) 134 O45 28.0 284 3.6 
Effect of temperature 
41 450 1:2 03 87.0 Traces - 
39 455 1:2 0.3 45.0 319.0 053 
37 $00 132 0.3 58.0 9.6 
53 $10 - 1:2 0.15 41.5 39.4 
55 $15 132 0.15 45.5 39.7 2.8 
4 520 - 1:2 0.15 55.0 43.8 5.2 
38 Goo 132 0.3 3.1 5.3 19.0 
: Effect of space rate = 
45 510 1:4 0.075 15.4 26.6 6.7 
53 510 31:2 0.15 41.8 .. 39.4 1.6 
33 $10 1:2 0.30 60.0 21.0 
“4 510 1:2 0.45 65 &.9 1.9 


ter drying over KOH and distillation over P,O,, consisted of acetonitrile (nj} 1.3442; d° 0.7830; m.p. of the 
acetylphloroglucine 217.5-218*), the weight of which was 31% of the 79-98 fraction; 43 wt. consisted of 


water 1.333). By preparing the ccndensation product with phioroglucine (in.p, 173-175°), the presence of 
propionitrile (b.p, 96.S°, m.p. of the phloroglucine condensation product 174-175.5°) in the 96-98" fraction was 
Cemonstrated, The presence of propionitrile was ao shows by the qualitative reaction with FeCly, 


In Table 2 are presenicd the results of experiments on the synthesis of acetonitrile under different conditions, 
As scen from the table, the maximum yield of acetonitile, 43. 8h ,was obtained at 520°, a B-pentane space sate 


of 0.15 ters per liter of catalyst per hour, and-a mie ratio of pentane te ammonia of 1:2 


TABLE 3° . . 

Experiment 

45- 13 72.6 12.7 10.7 
1.0 0.4 14.2 68.0 : 
54 - - 2.8 80.6 10.8 6.1 | 
55 - 10,2 72.1 8.2 9.8 

“Composition given in vohime 4a 


Analysis of the amnionia-free efflucnt gases was carried out in a VTI apparatus, The presence of small 
amounts of unsaturated hydrocarbons and oxygen, carbon monoxide, hydrogen, saturated hydrocarbons, and al- 
" wogen was established, The contents of the individual components of the gas varied within quite narrow nate, : 
In Table 3 fs the composition of the gas for several experiments, ; 
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The presence of nlurogen the gases that decomposition of ammonla to Hy and N, occurs she 
toe with the formation of individual experiments, the decompositiva of ammonia 
and nlvogen comprised up w 20% of the ammonia fed, 


Thus, acvtoniisils is te product of the reaction of a-puntano with ainmonia over molybdens-alum= 
ina catalyst, and it is obtained in 43.8% 
Rocelved May 10,1958 Insututs of Petroleum Academy of Sciences USSR 
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POLYMERIZATION OF ISOBUTYLENE IN THE PRESENCE OF 
TRIETHYLALUMINUM AND TITANIUM TETRACHLORIDE 


Acadcniician A.V; Topchiow, B.A. Kreatsel, 
N.F. Bogomolovas and Yu.¥a, Gotdfarb 


A nuniber of papers, which have been reported in a genotel way ia reccut monographs [1-2], have bees 
devoted to the polyincrizstion of Isobutylene, However, ther is no description in these works of the. polymer 
ization of isobutylene in the presence of metalloorganic catalysts, particularly the complex of wicthylaluminum 
aod Utanium tetrachloride. This catalyst, discovered and studied by Zicgler and co-workers [3-4], is not only 
of great theorctical interest, but is also of grcat practical significance, since by means of it ethylene can be 
polymerized to polyethylene at atmospheric pressure with practically complete coaversica of ethylene to ccm- 


mercially useful product, 
TABLE 3 
Ethylene 


In one of his papers, Zicgler [3] indicated that pure wlothylaluminum, in the absence of aluminum 
chloride, does not polymerize isobutylene. In Table 1 are presented comparative data of this investigator oa 
the polymerizing activities of 2luminum chloride and alkylajuminum catalysts (the of catalytic 
tivity is indicated by the number of plus signs) [3}, 


There has been no indication in publishss works relative to the activity of a catalyst composed of triethyl- 
aluminum and titanium tetrachloride for the polymerization of sobutylenc.” In this regard, it was of interest 
to study the possibility of polymerizing isobutylene under various conditions and using tiethylaluminum 
end titanium tetrachlorice as the catalyst. 


EXPERIMENTAL 


The isubutylene fecd was originally obtained by the dchydrauion of isobuty] alcohol, but afterwards iso- 
butylene containing 98.4% iso-C,H, was used, The wicthylaluiminum, AKG,II,),, was preparcd from metallic 
aluminum (99.99% Al) and tcchnica} ethyl bromide, The synthesis was carried out by successively conducting 
two reactions — the focmation of ethylaluminum dibromide and diethylaluminum bromide and symmetrization 
of the mixed product by means of an emulsion of metallic sodium In a specific fraction of purified ketosenes 


2 + + + AKC + AL 


The symmetrization product was then distilled under vacuum (2-3 mm Hg residual pressure) at a teme 
Perature of 110-135*, The finished product was s 15-184 solution of triethylaluminum in kerosene which de- 
comprsed and fuincd strongly in ale, The sulution of tricthylabuninum was stored in an atinosphere of nitrogen, 


- 
x 
Be 
: 


_ bubbled at the desired rate through the isouctane solution of catalyst; the polymerization was continued fa ~ 


they La Es in the of cron pa of oF  carban 
thorchwe, operations with It were carted ot (aa strcam of purified alteoyen; the 
fecd wat aha sad breed fine the possible of osypen (in the state), The 
and cvaditions ed fee the puification of the aad was that awially conployed ln working 
with was med, The polymerization of 
buty bene was carticd wut ie The cathe of tricthy to titania tetrach borides 
wast: The of catalyst was that calculiticd give a ha in the solvent 
of 1 weight Je 


Fig. 2. 1) Pyrogaliol solution: 2) empty vessel; 3 and 4) sulfuric acid; 5) furnace contain- 
ing copper turnings; 6) sodium hydroxide; 7 an¢ 8) calcium chlocide; 9) aluminum oxide; 
35) activated carbon; 11) phosphorus pentoxide; 12) theometer; 13 and 14) calcium chloride; 

_ 15) skeminum oxide; 16) thicc-way stopcock; 17) four -necked Mask 18) bubbler; 19) stire 
rer, 20) dropping funnel; 21) thcrmometcr; 22) condenser; 23) motor; 24) trap in Dewar 
with dry ice; 25) kcrosene bath. 


In Figure 1 is peesented a diagram of the laboratory apparatus in which the experiments on the polymesi- 
zation of isobutylene were carried out. As scen from this figure, the apparanis consisted of the following basic 
parts: an isobutylene purification system, a nitrogen purification system, a reaction vessel, and several traps. 7 
The reactioa vessel, which consisted of a four-necked flask fincd with a stirrer, bubbicr, reflux condenser, and : 
thermometer, was sot in a thermostated bath for maintaining the given tempcrature conditions for the reaction. Bm 


- First, the required amount of solvent (isooctanc) was poured into the reaction vessel, and then, after removing 


the air from the apparatus as completely as possible and flushing it with purified nitrogen, the calculated 
amount of tricthylaluminum was introduced by means of a slow stream of isobutylene, and this was followed by 
the introduction of the titanium ictrachloride. Aftcr the addition of both coipounds, the solvent sharply change 
color (from colorless wo brownish-yellow), which is explained, in all probability, by the formation of a complex 

of wicthylaluminum with dtanium tetrachloride. We observed a similar phcnomenon during the polymeriza- 
tien of ethylene to polyethylene. However, the naturc of this complex is still nt clear, 


After charging of the AKG,!Hg)5 and TIC and the formation of the complex, isobutylene was contannilll 


~ 
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TABLE 3 


Mol. wt, 


Fig. 2. 


Exporimeat | Temp, Isohutylene =| Polymer ob- | | Duration af exe 
No, *c charged, fa g | tained, in g | conversion poriment, hours 
+8 226 73 323 
TABLE 9 
Experiment [| Sample 
4 No, weight, in CO,, ia g H,0, in g Qt Mol, We 
2 2.837 8.905 3.160 85:66 14.44 
3.750: 11.770 4.805 85.73 14.34 
2 2.670 8.380 3.420 85.65 14.33 
2.940 9.235 3.760 85.72 14.31 8400 
2.866 8.045 3.280 85.56 14.20) 
23 2.862 8.938 3.770 85.23 14.%4 : 
2.420 7.560 3.177 85.25 14.69 10129 
2.507 7.815 3.340 85.07 14.90 


hours. The temperature. was recorded every § minutes, 
and was maintained with a precision of +2”. 


At the conclusion of an experitnent, me thy! sicobol 
was added to the reaction mixture to decompose the reslo 
dual catalyst, The solution was then transferred to 8 sep- 


atatory funnel where it was washed wich a 10% solution of 


soda and then with water, After carrying out these operas 
tions and drying the reaction product over calcined C2Ch, 
the excess isooctane was distilled, Complete removal of 
the isooctane frown the polymerization products was at 
tained at a temperature of 170° under vacuum (2-3 mm 
Hg residual pressure). Depending on the temperature come 
ditions of the experiment, the thus obtained polymerizats 
‘was a colorless or slightly yellow product of varying com- 
sistency — from-comparatively readily mobile quids to 
rubber-like products, The molecular weights of the poly- 
mere were determined by the Staudinger method (in a- 
heptane solution at 20°). 


The polymer yield in individual experiments comprised up to 95% of the reacted isobutylenc, and the 
degree of conversion of isobutylene to high molecular weight product reached ~80% of the hydrocarboa charged _ 
fn the experiment. The results of several characteristic experiments are presented in Table 2, 


Elemental analysis of polymers of different molecular weights are characterized by the data of Table 2. 


Of substantial interest is the effect of temperature on the molecular weight of the polymers obtained, for 
the study of which a special seties of experiments was conducted; the results are presented in Figure 2 At 
relatively high polymerization temperatures, low-molecular compounds, primarily dimer and timer, were 


{ 


formed along with the high-molecular products, As was pointed out above, Ziegler reported (4) that lsobuty- 
lene Is not polymerized in the presence of pure tiethylaluminum, We have shown that polymerization takes 
Place upon the addition of a rather small amount of TiCk, to the AKC,Hg)y. Thus, for example, polyisobutylens 
having a molecular weight of 5000-6000 was formed in the presence of a catalyst aaron igh 16 moleculas — 
parts of ee and 1 molecular part of TiC], (experiment temperature of o> 
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G, Rudcnko 5}, studying the polymerization wf fn the prescace of aluminum chloride 
at a temperature of catablighed that the high-meolecular palyisobutylene obtained has the structure 


Such a structure was confirmed by the isolation of 2,4,4>tsimethyi-1-pentene from the products of the depoly- 
merization of polyisobutylene at 400° in the presence of Nuoridia, 
Proceeding frora issumptions which have been proposed regarding the mechanism of the polymerization 
of unsaturated bydrocarbons with a catalyst containing tricthylaluminum and titanium tetrachloride, it would 


Cc. Cc 


This assumption is partially confirmed by the viscolty properties of the polyisobutylene obtained; however, 
furthe: experimental investigation and confirmation be required, 
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INVESTIGATION OF TIE SYSTEM PbTe-PbSe 
£.1. Elagios and N.Kb. Absikosoy 

Chernyacy, June 7, 1956) 

The compounds PbTe and PbSe are semi-conductort, It was of interest to Investigate the structural dia- 


gram of the system PbTe—PbSe with the aim of determining the physicochemical nature of the alloys in this 
system, The binary systems composing the ternaty system Pb—Te—Se have been studied meviously. 


The melting diagram of the system Pb—Te was investigated by Fay and Gillson [1], Pelabon {2}, and 


Kimura {3}, and the data from their investigations basically agree. One compound, PbTe melting at 917° with 


an open maximum, is found in the system. The compound PbSe was first described by Little [4]. Later, Pela- 
bon [5] and Fricdrich and Leroux (6) carried out thermal analyses of the system Pb~Se and found that in this 
system there is only one compound, PbSe melting at 1088° with an open maximum. The system Te~Se, ac- 
cording to the investigations of Pellini and Vio [7} and Kimata {8}, form a continuous series of solid solutions, 
The structures of the compounds PbTe and PbSe were Investigated by Olshausen [9], Ramsdell [10}, and Gold- 
schmidt, Ewald and Hermann [11} According to thelt ¢ata, both crystallize in the space group B-1, 
Their Gata on the lattice constanw diflered somewhat Table 1). 


TABLE i 

gina 
Olshausen [9} ad 6.16 
Ramsde (10) 4 6.14 
Goldschmidt [11) 6.13 
Ewald and Hermann (11) “ 


From the similarity in the structures of the compounds PbTe and PbSe, it can be presumed that tne form=- 
ation of a continuous series of solid solutions between these two compounds Is possible. 


"” ‘The materiak used in the investigation of the section PbTe—PbSe were: lead with the impurities Mg, Cu, 
Bi, and Ag < 0.01% tellurium, twice sublimed undet vacuum, containing the impurides Fe, Si, Al, _ 0.01% 
selenium, vitreous, containing the impurities Fe, Pb and Cu < 0.01%, Fe ~0.1% 


The alloys were prepared directly from the components by melting the calculated amounts in quartz ame. 
poules under vacuum, The liquid alloys were mixed by repeated shaking of the ampoules, and then were cooled ’ 
in alr, Cooling curves of the cast alloys and Heating curves of the annealed alloys were recorded with anN.& 
Kumzkov pyrometer. Annealing was carried out at temperatures of 800 and 900° in an atmosphere of argon for 
720 hours, ; 


The structural diagram from the data from thermal is presented in 1, In this: 
system, a continuous series of solid solutions with a mialmum was formed, 


The data frein thermal analysis are confirmed by the investigations of the microstructures of the cients 
and annealed alloys. In Figure 2 the microstructure of the slowly cooled cast alloy with 50% PbTe is shown, 


| 
: 
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Fig. 2. Slowly cooled cast alloy with $0 mole 
196m 


Fig. 3. Alloy with 50 mole aficr sancaling, Pole. Re, 
ae a Fig. 4. Change in the lattice constant of alloys of 

; the system PbTe~PbSe, 


This is a non-equilibrium alloy. The dark phase, located in the central) portioa of the grain, is the first crystal~ 
Uzed compound, PbSe; the light phase is the compound PbTe, which crystallizes at a Sower temperature, Ia 
Figuts 3 is shown the microstructure of this same alloy in the equilibrium state after annealing, Fine homo- 
geneous polyhedrons are seen, The other alloys, the microstructure: of which are not shown, had homiogencous 
polyhedra} structures after annealing, 

Farther, the change in the lattice constant of alloys varying in composition from PbTe to PbSe was ine. 
vestigated by x-ray analysis. The radiograms were taken using cylindrical powder samples; Debye camesas 
were used with iron radiation and an exposure time of 15 hours, 


The highest values of reflection intensity were observed for surfaces with the indices 200, 220, 400, 428 - 
and 422, which coaforms to the Mterature data, 

The results of the calculations of the lattice constant of the alloys are presented in Figure 4. The lattice 
Constant varies along the melting curve with small negative deviations, : 


On the basis of this investigation, it can be concluded that a continuous series of slid soiudions with a - 
minimum is formed in the system Pb—-Te—Se along the section PhTe—PbSe, Saha ‘ 


“Received June 1,1956. Baikov Institute of Metallurgy 
' Academy of Sciences, USSR 
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LIQUID-CRYSTAL EQUILIBRIA IN SY STEMS CONTAINING CHRYSENE _ 


V.M. Ksravchenko and 1.5. Pastukhove 


(Presented by Academician LL. Chemyaew, June 4, 3956) 


1. Und recently, very little data had been obtained on phase equilibria im systcms containing polycyclic 
hydrocarbons; some dsta were available on systems contsining chrysene [1, 2}, but the data of (2) were ine - 
complete, since only the temperatures of the beginning of crystallization, &. and the conceatrations of the 
componcnt X were given, 


Fig. 1. Cross-secuons, S, of molecular models of; 
1) chrysene; LD dibenzanthracene; pyrene; 
IV) fluoranthene; V) anthracene; VI) Muorene; 
VI) acenaphthene; VII) naphthalene; IX) carbeo 
zole; X) diphenyleneoxide; XI) phenanthrene, 


Fig. 2. Liquid-crystal equilibcium diagrams for - 
In the present paper are presented experimental ™ 

results for 10 binary systems containing chrysene (1), 

CyHg, with some of the important compounds associated with it in coal tar, We studied 9 of the systems, and 

one was studied by Pascal The second compenents of the systems were: 1,2-dibenzanthracene, (I: 

pyrene, CyHye, (III); ficozanthene, (IV); anthracene, CyHie, (V); Muorene, (VQ; acenaphthene, 

CoHy. (VIN; naphthalene, CyH,, (VII); carbazole, C.sH,N, (IX); diphenyleneoxide, CgH,O, (X and phea- 

anthrene, CyHyg, (XI), which was studied by Pascal 1}. The substances (I){XD have aromatic, or nearly aro- 

matic hetcrocyclic, structures, are practically non-associated in the liquid state, and thelr molecules can be 

characterized by the method of paper [3) using sections of mode}s taken through the centers of the atoms of 

the skeleton (sec Figure 1), The sections of the molecular models in Figure 1 were constructed im accordance 


_with averaged structural data, The following intermolecular radil were used for the model: LTD Rye 


= 1.17; Ry = 1.57 and = 1.36 A[{4}. The areas, S, of the molecular mode] sections were approaimately 


{in sq. A): Sy 83; Sy 82; Spy 72; Sty 72; Sy 65; 60; Syq 56; Sypy 49; Spy GO; Sy 
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SAY 


00, The of all of thems were appruimately the sasne (h 


2. The sebstances the Compuments of the — were carefully purified; theie melting points (+ 0,1- 
0.27) are prewnted in Table 1. The phate vqullibeia were studied by thermal analysis accompanied by visual 
observations, The Leineatwy appiratus has becn described In reference In Table 1 are presented the resus 
Characterizing 964 containing cieysene, In Tiguro 2 ary shown the 10 phase diagrarns (Nos, 1-9 


froin the data of Table 1) ennsiructcd from the valuce of X, ty, and ys to diagram of Sysicm No. 10, chrysene 
pbenanthrenc, was cowtrucicd from the data of referenco [1}, 


TABLE 1 


«Binary Systems of Chryscne [X) concentration of chryscne in mol. t) 
temperature of the beginning of crystallization in °C; temperature of 
the conclusion of crystallization of the eutectic of solid solution in °C) 


4, Chrysenc-pyrene | 7. Chrysene-acenaphthens 
25.8 100.8 235.0 $0.8 
os 21.5 Ze € 23.8 1s. 61,3 
204.0) 214.0 is $0.4 128.3 
30.7 | 204.0 1s 0.4 113.8 
2 | DO} 165.5 | $35 14.2.) 
204.8 164.8 1S ‘DA 13.9 
7.8 6.6 | 47.4 | | 90.8 905.3 
34.7 $4.7 42.2 | 1% 73 
204 | 10.0 | 1% 34 | 
20.8 | 36 13.6 (37.0 | $35 te Se 
s.Chrysene- fluorene & Chrysen -diphenylene- 
6 260.7 = 58.7 233 | 
m8 28.3 7.4 231.8 | 80.8 2.4 ~ 
“3 | 195 218.4 25.8 a 
317.7 | 1% 27.0 | 213.9 
“6 | 40.3 | 108 0-4 2014 
2 7.3 | 13 172.2 | $77.2 
Me | ts 12.9 | 123.8 
1%. | | 108 3 10.5 
20.2 | rs $2 11.2 | 20.8 
$0.3 28.6 | oe 149 | 33 2 
216.5 216.8 - 6.8 me 
245.0 | 240 81.0 26.0 | 247.8 
70.8 | 213 70,7 22 | 20.3 =1.8 
| 188.8) S02 | $05 4 336 | 
2.1 210.0 | $80 39:8 184.8 | 105 | 40.7 
2.8 | 30.9 165.2 | 2 
19:5 186.0 | 465.4] 20.8 165.6 | 2 | 78 
14,8 178.4 | 15.4 {30,6 | 10 $9.7 133.0 
90.2 173.6 | 968 10.3 $14.1 | $05 10.3 115.3 7.8 
$:3 63.9 | 138 82 105.8 | 10 42 
12.2 | 158.5) 6.1 | - 205.5 | 26 ns 


Continuous solid solutions were found in the system chrysene-1,2-dibenzanthracene, which is in agree- 
meat with the closeness of the sizes (AS ~ 1-2%) of the sections of the molecular models Sy and Sy; that the 
forms are somewhat different did not Interfere with the formation of mixed crystals, In the remaining 9 sys- 
tems eutectics were found, which agrees with the increase in AS from ~15%(chrysene -pyrene) to ~ 70% (ch 
sene-napbthalene). Thus, a consideration of the difference in dimensions (and, of course, form) of the mole 
cules of g:e components of these 5 systems is sufficient for an explanation of the eutectic type of these systet 
It is significant that, in the majority of the eutectic systems, a second eutectic temperature break, ty, was dem 
tected on the thermal analysis curves in almost all of the mixwres studied; a significant concentration of HM 
mited solid solutions was found in the systems of chryscne with carbazole, anthracene, and phenanthrene [1}. am 
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3, Tho rveults of the thermal analyses pormit the caiculativa of the Latent heat of fusion (sclution), Q 
(ia cal. of chryscne by incans of the woll-known equation of LP. (6), 


Q 4% 
In equation, T fs the inciting point of chryscne in °K, is the tcsnperature, a °K, of saturation of 


the solutiun with a concentration of X mole fraction, R = 1,98 cal./mole is the gas constant, From the values 
of X and T, for the system chryscnc-naphtha lene, the value of approximately G6U0 cal. /mole was calculated 


for Q. 


Received May 22, 1958 N.S, Klrushchey Donets Industrial Institue 
{1} P. Pascal, Bull, soc. chim, 29, 644 (1921}. aes 
{2} H.G. Frank, Brennstoff-<Chem, 34,No.3/4(1953, 


[3] V.M. Kravchenko, J. Phys, Chem, 24, 1033 (1950), 
(4) A.L Kitaigorodsky, X-Ray Structural] Analysis (Moscow-Leningrad, 1959), 
(5) V.M. Kravchenko, J. Phys, Chem, 13, 133 (1939). 
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SYNTHESIS OF DIENES WITH A FIXED TRANS CONFIGURATION 
OF. THE DOUBLE BONDS, 3-METHYLENECYCLOHEXENE 


3 Academician 1.N. Nazarov and N.V. Kuznetsov 


Investigations carried out over a period ef years in our laboratory, as well 3s the aggregate of the avail- 
able Utcrature data, ead co the conclusion that a dicne molecule which enicrs into the dicne synthesis reaction 
must be of the cis configuration It fs also khown that o-methy lenecyclenes (II) and (II), which have 
similar fixed. double bond system, enter especially easily ipto diene syntheses, 


dicnes with a fixed tans double bond system and to study their reactivity 
in the dicne synthesis, Mcthyleaccyclohexcne, wich was synthesized according to the following scheme, was 
sclected as a mode] example of such dienes; 


Cyclohexcne was coudensed with naraformaldchyde in the presences of acctic acid and acetic anhydrids 
at a temperature of 190-200° to give 3-acctoxymethyIcyclohexene (V) with a yield of 25% of the wtal cyclo- 
hexene or 95% of the cyclohexene reacted, The acetate (V} was subjected to pyrolytis at S00” in a stream of 
nitrogen to give 3-methylenccyclohexene (IV) with a yield of about 715% The structure of methylenscyclo= = - 
hexene (IV) was proved by ozonization which gave glutaric acid anid formaldehyde in high yield. Methyleas- 
cyclohexene (IV), as would be expected, proved to-be incapable of condensing with maleic anhydride aod bea- 
zoquinone, At low temperatures, the orlginal compounds were recovered, and, at high temperatures, polymer 
was formed in the first case and quinhydrone in the second. 


We also studied a second possible route for the preparation (Iv) pyrolyde 
of the acetate (VI) prepared from 


It developed ik coemmataaae acetate (IV) at 4so° led, with a yield of about 30%, to a mixture of 
dienes (IV) and (VI) which were insepasable by distillation, but which, however, were successfully se parawd 
by condensation with maleic anhydride with which methylenecyclohexene (IV) did not react. The ratio af _ 
dienes (IV) and (VII) in the mixture was 1:1. In addition, about 40% of the acetatc of o~snethylenecyclobexanol 
(VIL) was formed which also gave the above-indicated mixture of diencs (IV) and (VII) on a second pyrolysis, 


Pyrolysis of me diacetate by a similar route from gave only 2- 
methyIcyclopentadienes 


6n 
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We also developed method fur tho (IV) starting with cyclo- 


bexasones 
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The hydrochloride of the Mannich base prepared from cyclohexanone was converted, without isolation, 
to the oxime (1X) with an overall yield of about 99% This product was then hydrogenated in the presence of 
Raney nickel in a saturated ammoniacal methanol medium at 50-SS° to 2-dimethylaminomethy Icyciohexyle 
amine (X) with a yield of about 80%. The diamine (X) was methylated with s mixture of formaldehyde and 
formic acid to the tetramethyldiamine (XI), which was converted by the action of me thy! lodide’to the quate 


" ernary salt (XII) and then, by weatment with freshly precipitated silver oxide, to the quaternary base which 


was isolated in the form of a viscous oil. Pyrolysis of the latter under 2 vacuum of 20 mm at 140-150° gave 
mmethylenecyclohexene (1V) with a yield of about 60% Hydrogen peroxide oxidized the diamine (XI) to the 
dioxide (XIU), which was isolated as the picrate. .Pyrolysis of the dioxide (XIII) under vacuum (20 — ata 
temperature of 100° pave methy lenecyclohexene (IV) witha yield of about 50%, 


EXPERIMENTAL 


of 3-acctoxymethylcyclohexene A mixture of 250 g of 120 g of acetic acid, 
30 g of acetic anhydride, and 60 g of paraformaldehyde was heated at 190-200° for 18 hours, The reaction 
product was washed with water, dried with magnesium sulfate, and distilled, 23¢ g of cyclohexene with a bp. 
of 83-86° and 26 g of 3-acctoxymethy cyclohexene (V) with a b.p. of 94-96" and 20 mm, off 1.4625 were 
covered, 


Found $e C 70.20; 70,27; H 9.12; 8.96. CyHyO,. Calculated 70.13; H 9.08, 


Pyrolysis of the acetate (V). 25 g of the acetate (V) was passed dropwise over a period of 40 minutes into 
a stream of nitrogen at S00° in a tube filled with pyrex rings of 2 mm diameter. The reaction product was 
washed with ice water and with a S% solution of sodium bicarbonate and then dried with magnesium sulfate. 
Distillation under vacuum gave 6 of 3-methylenecyclohexene aM. 220-111", 1.4922, Amax. 
231.5 mp, «¢ 1.09-10* (heptane), 


Found C 89.77; 89.65; 10.64; 10.55. Calculated fe C 29.4; 110.6 


There was also obtained 12 g of the original acetate (V), b.p. 94-96" at 20 mm, off 1.4635, ; 


. Preparation of the oxfine (IX). A mixoure of 196 g of cycichexanone, 82 g of dimethylamine hy dro= 
chloride, and 120 ml of 37% formaldehyde was heated to the initiation of an exothermic reaction, after which’ 
boiling of the Uquid was continued for 7 minutes, The unreacted cyclohexanone (90 g) was separated, 100 g of 
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hy was tee the solution, and, after ft dissolved, a solution of 10 


of water was while and cooling, The preci piiaiod oxline was Washed wlth 


water and with and was socrystallized methanol (121). There was obtained 154 
(804) of dinethy key ovine (1X) with an of 110-1 12°, 


Fund 16.62; 16.70, | Calculated 16.41, 


The plerate mched with dscompuition at 1216-217 (from methanoh, 


Hydrogenation of the oxime (1X). 50 g of the oxime (1X) in 50 ml of methanol saturated with ammonia 
was hydrogenated in the presence of 10 g of Ramey nickel, The reaction was carricd out at 45-50 and 
ittal hydrogen pressure of 190 atm for 4 hours, After separation of the catalyst and distillation of the solvemt, 
there was obtaincd 30 g of (X) with a of }12-113° 21 30 mm, 
aff 1.4780, 


Found 17.53; 17.00, Calculated N 17.94, 
Metirylation of the diamine (X). A slxture of 15.6 g of diamine (X), 30 ml of 35% formalin, aad 30 mi 
- = forinic acid was heated at [00° for 16 hours, The solution was acidified by the addition of 100 ml of 
5% hy trochhoric acid aud evaporated to dryness, The sesidue was weated with 30% sodium hydroxide, and the 
ete base was dricd with potassium carbonate and distilled under vacuum, There was obtained 16.2 g of 
thy lamina (XI) with a b.p. of 116-118 at 20 mm, =D 1.4820, 


Found Je 14.70; 14.77. Calculated %e N 15.20, 


The pictate melied with decomposition at 167-168" (from methanol; 


Preparation of the quatemary ammonium salt (XM). To a solution of S50 g of the diamine (XT) in 50 mi 
of methanol was gradually added 125 g of methy! fodide. The mixture was refluxed for 5 hours, After eters 
64 g of the deans (XI) was isolated, m.p, 228-223° (with decomposition), 


Found Fe N 5.66; 5.65. Calculated N 5.98, 


Another 8gof this sah was obtained from the mother liquor, The total yield of was 
12 g of 


Preparation of 3-inethylenecyclohexcne (IV). A solution of dime thiodide (XI) in 100 mi of water was 
added with stirring and cooling to freshly precipitated silver oxide (prepared from 100 g of silver altrate and 
30 g of sodium hydroxide) in 300 ml of water. Surring was continued for 5 hours, and the reaction product wn 
allowed to stand overnight, On the following day, the precipitate was filtered and washed on the filter ith 
150 ml of water. The filuate and wash water were combined and evaporated under a vacuum of 20 inm at 8 
temperature of SS*, On heating to 140-150° under a vacuum of 20 mm, Cie quaternary base, which was ob- 
tained in the form of a viscous oil, rapidly decomposed. The pyrolysis products were collected in taps cooled © 
with a mixture of acetone and dry ice, and were then washed with ice water, 5% acetic acid, end a S% solution 
of sodium bicarbonate, and were then dried with potassium:carbonate, Subequent distillation gave 10 g of 
3-methylenecyclohexcne (IV) with a b.p. of 110-112°, nj§ 1.4920; 231.5 my(from heptane), which was 
identical with the diene (IV) prepared by pyrolysis of the acetate (V), 


Ozonization of 3-methylenecyclohexene. 2 g of 3-methylenecyclohexene (IV) in 30 ml of chloroform 
was ozonized with 5% ézone at O° for 6 hours; the effluent gases were passed through traps containing 40 ml 
of water, 15 ml of 60% peracetic acid was added to the ozonide in chloroform. The mixture was heated at a 
temperature of 60° for 6 hours, The solution of reaction products was ev1porated to dryncss under vacuum, and 
the residue was extracted with a 10% solution of soda. The aqueous laycr was extracicd with ether, and thea 
qcidified with 30% hydrochloric acid and evaporated to dryness. The dry residue was recrystallized from petro- 
eum ether (b.p, 25-40°}. 1.8 g of glutaric acid (70%) was obtained which did not give a melting point de- 
pression when mixed with a known sample, 5 g of zinc dust was added to the scrubbing water from the taps, 
The mixture was stirred and heated for 3 hours at a ype: match ‘of 70°, After en wrest of the zinc dust, the 
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ENTRAMOLECULAR ACYLATION IN THE FERROCENE SERIES 


Academician A.N. Nesineyanow, N.A. Volkenas 
and V.D. Viilchevskays 


_ Acylation is one of the most characteristic and most studied reactions of ferrocene [1-3}. The aim of 
the present work was to invest!gate the possibility of the intramolecular acylation of ferrocene, a reaction 
which is widely used in the aromatic series (for example, cyclization of arylbutyric atids). 


The initial w-ferrocene substituted acids were prepared by acylation of ferrocene with the anhydrides of 
dibasic acids, The reaction of ferrocene with pithalic enhy dride in the presence of aluminum chloride, which 
leads to di{o-carboxybenzoyl)ferrocene, is described in the literature (1}. It was shown in the present work that 
this reaction gives, in addition to the di-substituted product, o-carboxybenzoy ferrocene — an infusible, dark 
otange substance. On heating 0.9 g of the sodium salt of o-carboxybenzoylferrocene with 0.7 g of dimethyl 
sulfate, o-carbometh.~ybnzoy ferrocene, melting at 134-135° after recrysta}lization from heptane, was obtained. 


Found %< C 65.38; 65.52; H 4.54; 4.53; Fe 16.24; 15.93. CyHO,Fe. Calculated Je C 65.51; H 4.59; 
Fe 16,09, 


Di( 8 -carboxy proplonyl)ferrocene was synthesized by the reaction of 0.024 mole of ferrocene and 0.048 
mole of cinnamic anhydride in the prescnct of 0,097 mole of aluminum chloride in 50 ml.of carbon disulfide, 
‘The product, purified by dissolving in 10% alkali with subsequent precipitation with 15% HCl and then recrystale 
lization from 50% methyl alcohol, was in the form of lustrous ozange crystals with an mp of 1s the i 
was 18% of theoretical, . 


Found C 56.21; 56.38; H 4.94; 4.78; Fe 14.21, CyHyOFe. Calculated C 55.95; H 4.66 

The keto acid wes readily soluble in alcohol, acetone, dioxane, and benzene, less soluble in carbon tet- 
tachloride, and difficultly solubie in petroleum ether, There is no doubt that, by analogy with other acylation 
products [3], the substituents in this keto acid were on different cyclopentadieny! nucis: of the ferrocene mole 
cule. ‘ 


Attempts to the di(8 -carboxypropiony])ferrocene by means of concentrated or polyphos- 
phoric acid were unsuccessful, In general, more than two acyl grow): still cannot be introduced into the ferro- 
cene molecule, 


3 g of di(B -carboxypropionylfferrocene was reduced by Clemménsen reduction with a 10-fold excess of 
amalgamated zinc and concenwated hydrochloric acid in glacial acetic acid. After a 1"4 hour heating, the 
solution was filtered and diluted with water, whereupon bright yellow crystab of di(w-carboxypropy Iferrocens 
were precipitated, After two recrystallizations froin — ether -benzene (1:1), the material melted at 
109,5-110,5°; the yield was 2,15 g (77% of theoretical), 


Found C 60.93; 60.85; H 6.37; 6.43; Fe 15.35; 15.23. te 60.33; H 6,14; 


of was by a 4-bour beating oflg 
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thie substance wlth acid, was to the: tm: of 4 
pravity 1.7) af tas whieh water and alkallzation, a 


Fe 17 18, 
This did not ia alkali, With ania, formed an ewango wich dccome 
at 160° after frown dlocaas, 

Found Fe C 61.24; 61.06; 114,72; &.57; Fe 15.45; 15.56; N 8.14; 7.93, Calculatcd 
C 115. 68; Fe 15.0% 


Two possibiliudcs can he for the fatramolceular acylation of 
ation in the o-position of the samo ting (A) and ia the neighboring ting, fos cnomge, according to (8): 


i Acylation actually proceeds In the same ring, and the dikctonc obtained has the structure (Ak Le, ni 
di¢ketote trahydroindeny iron, The following serves as proof of this, 
2 g of the diketone was reduced by Clemmensen reduction as described above, After dilution of the re- 
_action mixture with water, the product was exwacted with benzene and purified by chromatogra pling a solutice 
in petroleum ether on aluminuin oxide, This gave 0.95 g of — an substance, 


m.p. 19.5-20.5°, b.p, 126°/ 10% inin, easily oxidizable in 
62; H 7,55; 7.53; Fe 18.88; 18.82, Cuttafe. Calculated Je C 73.46; 1 7.48; 


Found Je C 73.54; 73 
Fe 19.11. 


Di{tetrahydroindeny}iron was first synthesized by Fischer [5] by of Fischer 
gave for this materiak mup,‘18,5-19° and b.p. 125°/10 min, The absorption spectrum of d{tetrahydroindeny)- 
{ - iron {rom Fischer's work (Amax, 4250 A, Amin, 3630 A, Amax, 3000 A, Amin, 3150 A) agrees closely with the 
.absorption ‘spectrum of the substance synthesized by us: ° 4350 A. Amin, 3650 A, Amax, 3250 A, 
3200 A (in isooctane), 
- x-Ray structural investigatica would give additional octane of the structure of ‘the product of the 
cyclization of di(w-carboxy profy |)ferrocene, 


We were also able to react ferrocene (0.026 arolc) with 5 chloride (0,052 mole) 
_ In the presence of aluminum chloride in carbon disulfide, This gave di(B ~carbome thoxy proplony l)ferrocene = 


absorptioa of was obtained by L.A, Kazitsyna at Moscow State Univ- 


1 | | 
a : 
| 


orange Crystals we lting at 98° after throw petrooum ethor-benzene the yield 
was 27% of 


Found 4< C 57.84; 57.74; 115.48; 5.37; Fo 13.78; 13,80, Se C 57.97; 
Fe 13.52, 
propiony i is not cyclized by acid. 


A 2-hour heating of 0,75 g of 4&8 -carbomethoxyproplony tfcrrocene with an aqueous solution of 2.5 g 
of sodiuin hydroxide gave 448 -carboxy proploayl)ferrocene. m.p. 165° (with decomposition}, A mixcd sample 
of this material and that synthesized from ferroceas and cinnamic anhydride mehed pression of 
point 


Cicimnicnsen reduction of th under the conditions described above 
gave, not dif u-carboincthoxy propyl ferrocene, but di{ with sa m.p. of 108-110", A 
mixture of this materia) with pecpared by reduction of carboxy proplonyl)- 


ferrocene melted without depression of the melting point. Evidently, the ester is hydrolyzed during reduction 
in acid medium, .- 


In order to avoid hydrolysis, dee reduction wes carded cet fas medium of methyl alcohol This gave 
di(w-carbome thoxy propy Ierrocene a viscous, dark orange quid: b.p. 148°/10% mm; m.p, 16.5-17.5°, 


Found 4e C 62.51; 62.37; H 6.61; 6.66; Fe 14.52; 14.28, Caloulated H 6.73; 
Fe 14.5, 
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POLYMERIZATION OF PROPYLENE IN THE PRESEMCE OF A SERIES OF 
— PHOSPUORIC ACIDS CONTAINING FLUORINE AND BORON TRIFLUORIDE 


Academician A.V. Topchicw and V.N. Andronow 


Boron trifivoride was the first compound ef fluorine to be used as a catalyst for the polymerizauoa of 
odcfins Later, a numbers af other olcfin-polymerization catalysts were studied, and certain of thew have - 
found commrcial applica tian (sulfuric and phospheric acids, etc.) Reecoatly, there have been dcvcloped 
methods for the synthesis of acw and very interesting compounds of fluorine — — monofluccophosphoric and di- 
fluwophosphoric acids [3-G], Iewever, the catalytic activity of Uwese acids has bocn studicd up to the 


We prepared an equinsolar mixture of monofluorophosphoric and difluorophosphoric acids by the reaction 
of phosphorus pentoxide with anhydrous hydrofluoric acid according to the equation 


The yield sittin acids was 80-99% of theoretical, 


‘The mixture of fluorophosphoric acids was rcsolved by vacuum The difluorophosphoric 
distilled at 40-S0" and a pressure of 75 mm Ilg. The monofluorophosphoric acid did not distill even under high 
vacuum, 


The monofluorophosphoric acid pecpared by us was a light brown Liquid with a density of &* 1.902, and 
fumed practically not at all in als, The difluorophosphoric acid was a white, uansparent Liquid with a density 
of 1.654, and fumed strongly in alt, 


Molceular compounds of monofluotophosphoric snd difluorophosphorie acids with boroa trifluodde, 
- and were readily formed by passing boron wifluoride through these acids. 


The resulting acids were studied as polymerization catalysts for propykcnc. In this serics of experinenu, 


the polyincrization of propylene in the prescnce of the molecular compound of orthophosphoric acid and hwoa 
tifluctide was studied for.comparison. 


The polymerization of propylene in the presence of Wiese catalyses was carricd out in the apparatus shows 
in Figure 1, 


The propylew: was fed at a space rate of 5 licrs/hour from gasometer A through calcium chloride tubs 
B to reactor D. The rate of flow of propylene to Ure reactor was measurcd with rheometer C. The reactor was 
an 8-bulb whe scaled in a jackct. The otlct of the jackct was provided with an adapter Uwough which it was 
Connected to condenser E, The jackct was provided with an electric heater, The required temperature in the 
actor was maintained by boiling the quid which filled the space between the 8-bulb tube and the reactor 
jacket, Vapor from the boiling liquid was condensed in condenser E and rctumed to the heated reactor jacket. 


Bolling watcr was uscd to heat the reactor in the experiments carricd out at 100°; the reactor was heated | 
by boiling isopropy Ibenzene in the experiments carried out at 152°. In the experinrents carried out at 15°, the 
teactor D was replaced by an ordinary 8-bulb condenses through which cold water was passed, © 


The reactor was charged with activat:d carbon wetter with 20 ml of the catalyst. The polyrer obtained - . 
ftom the rcaction was cooled in condenses and collected in receiver F, Unreacted gas was through 
guard chamber G and collccted in gasomoter Ay. 
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Fig. 1. Apparatus for the polymx<tizatioa of olefins, 


Mworophosphoric acid st a tempereture of 15°, 


During passage of propylene through a columa of activated carbos wetted with 20 ml of the molecules 
compound of phosphoric acid with boron wifluoride, considerable absorptioe of the gas by the catalyst was ob- 
served, and, after 1-2 hours of continuous passage of propylene, a viscous, brown mass began to flow from the 
reactor, This mass did not have a clearly evident layer of polymer on it: surface, and was, obviously, a mix- 
ture cf polymer and compounds of the catalyst with propylene, 50 liters of propylene was charged to the reactor, 


TABLE i 
Some !roperties cf Propylene Polymer Prepared 
in the Presence Of HgPO,- BF, and H,PO,F BFy 
Physicochem- Catalyst 
ical properties 
of the poly- | BF, | 


Mol. wt, 280 3128 

L.4S65 1.4591 
Bromine 

number 12 & 


2 In order to separate the polymer, the vis- 
vol. cous mass collected in the receiver was mixed 
Fig. 2, Distillation curves of propylene polymens, — with water and heated to 100° on a water bath. 


2) = 100°; 2)H BF, t= 100%; A layer of polymer formed on the surface of 


3) HyPO,F, t = 152°. _ Water as a yellow, olly, rather viscous liquid, 

r and a small amount of a white, solid material, 
insolubls in weter, alkalies, and acids, collected in the bottom ‘of the flask, it was boroa 
g of propylene polymer was obtained, 


In the polymerization of propylene in the presence of a molecular compound of sncnsitineneghisigiatias 
acid with boron wifluoride at 15°, the propylene was initially absorbed by the catalyst, but, after 1 hour of con 


_Unuous Propylene flow, a viscous quid began to flow from the reactor, Upoa sufficient accumulation of reac 
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ton products, tee Mould be the bite two te brown, lowur layur was, ovic 
dently, the product of the addition of the aud the ee was propy wan 
polymers, 


50 of gas was changed to the catalyst. The polymur was in the preceding 
20 g of propy ene polymer was obtalucd from the 


TABLED; | 


Basic Data on the Poly:ncrization of Propylcac in the | Presence of Series of Catalyse at 1007 
Propy iene Tolyincr ob-| of § Polymers Polymer 

Catalya charged, tained, polymer molecular bromine 
Mters ing weight number. 

so. 1 0.7689 163 1.4363 69 

HPO Fy 0.7702 165 1.4378 4a 

$0 55 0.7889 225 14451 | 

| 50 50 0.7915 250 1.4470 30 


Some properties of the propylene polymers prepared at 18° in the presence of tnolecular compounds of 
orthophosphoric and monoflucrophosphoric acids with boron uifluoride are presented in Table 1. As scen from 
the table, polymerization of xropylene in the presence of IigPO,F - BFy proceeds considerably more deeply than 
in the presence of H,PO,- BFy. 


An order to investigate the effect of tempcratuze on the degree of polymerization of peat and on the 
polymer yield, a series of experiments was conducted oa the pajetaden of propylene at 100° in’ the ane 
sence of a series of phosphoric acids containing fluorine, 


Basic data on the polymerization of propylene at 100° in the presence of the series of catalyse are pre> ~ 
sented in Table 2. It is seer from the table that, under these conditions, monofluorophosphoric and ¢ifvore- 
phosphoric acids are not very active catalysts for the polymerization of propylene. Molecular compounds of 
phosphoric and.monofluorophosphoric acids with boron ulfluoride vigorously react with the propyiene with the | 
formation of rather high amounts of polymer. The smost active catalyst for the ibaa: — 
was monoflucrophosphoric aci¢ saturated with boron trifluoride, 


As would be expected, the degree of polymerization décreased with a1 increase in temperature, 


In the polymerization of propylene in the presence of monofluofdphosphoric acié at 152°, the yield of 
polymes was significantly increased in comparison with the yield obtained with this same catalyst at 100°, 


30.5 g of polymer was obtained from the experiment, The polymer had a decreased molecular weight 
(159), a decreased index of refraction (n}§ 1.4351), and a decreased density (cq° 0.7641); f.e., the degree of 
Propylene polymerization decreased with an increase in temperature. The polymers obtained were distilled 
from a small Mask with a small dephiegmator, Distillation curves of the products of the polymerization of 
propylene are presented in Figure 2, 


The bromine numbers of the light fractions of propylene polymers (fractions boiling initially at 120° and 
120-150"), obtained both ia the presence of H,POQ,- BF, and in the presence of H,PO,F- BF, were low (14-18), 
and increased with an increase in the boiling point of the polymer fractions. Consequently, the polymerization 
of propylene is accompanied, to a considcrable extent, by hydro- and dehydropolymerization reactions Seating 
to the formation of saturated, evidently paraffinic hydrocarbons, It is interesting to note that the hydro- an: 
dehy dropoly merization reactions proceeded to a considerable extent at the mage of repre: of dimer and 
timer propylene polymez, 


. In the polymerization of propylene in the presence of iihitleninpibeginins acid at 152°, the hydro- 
and dehydropoly merization reactions procecded to a lesser extent, and the bromine numbers of the: fractions 

inidating at 120° and 120-150° were significantly higher (55 ard 63). This is understandable, since monos 

Mucrophosphoric acid ts a less active polymerization catalyst (in comparison with 11,PO,- BF, and HyPO,F + BF,). 


The propylene polymerization catalysts studied by us can be arranged in a series of decreasing catalyte 
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activity as followe : 
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CONTRIBUTION TO THE PROBLEM OF EXCHANGE: REACTIONS 
IN COMPLEX COMPOUNDS CF IRIDIUM 


Associate Memibes of the Academy of Sciences USSR A.A. Grinberg and £.A. Belousow 


In the present communication are presented the experiinental results obtained fa a study of the symeme: 


was by means of ths Lsotopes and Be 


In systems (1) and(2), the practically complete absence of exchange of inner-sphere bromine was estab- 
Ushed. The complex ion [I:Brg’” was precipitated from aquéous solution both as the compound [Co(NH,),b{irfig). 
and as Cs,{IBr,}. The fon ited was precipitated in the form of the sities characterized compound 


The otal activity of the broraine used in an experiment varied in the range of 200 w 20000 tmp. /minuss, 
The activity of the precipitates did not exceed 3% of the total activity, The concentration of the complex fen. 
varied within the Kmits 3.5- 10% —2.8-10* mole/liter, and that of the lon varied in the 6.9-104— 
—7.9-10% mole/lter. In al] experiments, the concenization of the outer ion excceded by six times the con. 
centration of the complex ion. The temperature in the experiments relating to sys:ems (1) and) varied from 15° 
to 35°, The duration of the experiments in system(Q) was 0.5-9 hours, anc that in system) was 0.5-¢ hours, Is 
. xperiments of the indicated curation, precipitation of the complex ions from solution was practically complet, 


Experiments were also conducted in the prescnce of NINO. The fonic sreagm of these solutions was apo 
proximately 0.12. In system G), irradiation with ultraviolet iignt for $-10 minutes cic not cause exchange. 
These results attest to the practically complete abscace of FR in systems (l) — under ‘the conditions 


On the other hand, complete exchange occunred in systems@) and() in 1 minute, In corresponding exe 
periments carried out in aqueous inedium, the concentrations of the complex ions varied from 1.4- 10+ mole /iter 
to 22-10 mole/liter. The temperawre varied from 0° to 25°. Experiments were carried out both in daylight 
and in the dark, The rate of exchange under the conditions swdied showed practically no dependence on the 
ionic strength of the solution. The fons [IrX}’~ and [1xXg}** (X = Cl or Br) were separated from each other om 
‘the basis of the unequal solubility of their cesium salzs. 


The authors of a recently published article [3] also observed rapid exchange in the system Tce = : 
—[lrCl,P", The nature of the medium in which the exchange, was studied and the method of separation of the 
and differed from those used by us, In this article, the authors indicated that they were. 
unable to cbserve exchange in the system [IrC —}. 


It fs interesting that exchange of free orerene ions does not take place in [OsC1,}** over a period of 63 
days at a temperature of 50°{2). 
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Ja the futury, we peaposs te Corry ent capurimonte stedylag cachanpy dn derivatives te 
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TNE REACTION OF ZINC {HIGHLY DISPERSED) WITH 
AQUEOUS SOLUTIONS OF HYDROCHLORIC ACID 


Academician of the Academy of Sciences LatvSSR L. Lepin and A. Tetere 


A comparison of the Kinetics of the reaction of aluminum (highly dispersed) with water with the kinetics 
of the reaction of this metal with acids (HCI and H,SO,) shows that an incroase fn the hydrogen fon concentra- 
toa has an effect on both of the presumed basic stages of the reaction of metals with water: the stage of the 
forination of the metal hydroxide ‘and hydride and the subsequent stage of hydrolytic decomposition of the hy- 
dride with the liberation of hydogen[1} The first stage is retarded, since the inwoduction of acid has an effect 
on the orientation of the water molecules at the ptiase boundary, 2 and the second is accelerated, since, with an 
increase in hydrogen lon concentration, there is an increase in the rate of hydrolysis of the hydride, which leads 
to stabilization of the concentration of electrons in the surface Layer of the metal[2} In the case of the reac- 
tion Al ¢ HO, such a mechanism of the effect.of the acid appears in the retardation of the reaction st acid 
concentrations =< 0.001 N and in the change in kinetic characteristits of the reacuion on changing to concentra- 


“m= 


where m fs the mass of metal oxidized at time t, me is ths initial mon of metal, and K is the rate constant. 
The activation energy of the reaction is also changed, — at first with an increase in acid concentration 
and wen decreasing almost two-fold, 


The Kinetics of the reaction of zinc with water diffes from the Kinetics of the reaction of aluminum with 
water in the respect that the reaction rate in the first case has the highest veluo at the very beginning of the 
process, this being connected with the preperties of zinc hydride, which differ from the properties of aluminum 
hydride [3}. Concerning zine hydride, 11 {s pow known that its thermal stability is not high; it is curious that 
it only slowly decomposes in water — the addition of acid is required for completion of its hydrolysis [4}, 


In order to compare the Kinetics of the reactica ef zinc with H,O withthe kinetics of the reaction of rine 
with acid solutions, the zinc was used, as in the preceding works, in a highly divided state (a hydrosol prepared 
by a somewhat modified method of Svedberg at O° in an atmosphere of hydrogen (SD. The experiments were 
carried out with hydrochloric acid at temperatures of 20, 40, and 60° under the same conditions as with alum- 
inum, . The results obtained are presented as curves of a = m,/mo = f(t) (seo Figure 1), which were construceed 
ftom average da:a from 3-4 or even 6-8 parallel experiments (since the reproducibility of the experiments was, 
in general, poor owing to the rather rapid coagulation of the sol), That the kinetic curves conform to Equation 
(1) is apparent from Figure 2, in which the experimental data for 60° are presented in logarithmic form, —: 


- Of course, is the iinear form of Equation (1). 


First of all, it should be noted that there is a sharp change in the rate of the reaction when the acid con- 


centration reaches a certain value between 0.001 and 0.0025 W. Below a concentration of 0.00% N, the rate of 


oxidation of the metal particles is the same (within the limits of experimental error) as the rate of oxidation ta 
pure water; above 0.0025 N, the rate increases very sharply, and at an 1iCl concentration = 0, 01 N, even at 20°, | 
half of the available metal — “6 oxidized within a few minutes, Thus zinc differs from aluminum also with 
respect to acid, 3 


It seems to us that ‘nth a behavior of zinc in icta solutions correlates with the assumption of the hydride 
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Fig. L. 1) 0.0001 M, 0.001 N; 2) 0.0025 3) 0,005 % 4) 
5) 10M. 2) 60%; b) 40°; 20 


—_ 
~ 
2 
of 3 
Fig 2 '2) 0.0025 N; 3) 0.005 


€.01 5) N (60). 


— ; mechanism of the reaction of metzls with water. It is credible that, at low concentrations and taking into com- 
: sideration the thermal] instability of zinc hydride, the effects of hydrogen fons on both steges of the rpaction, 
metal « H,O.are motually compemiating. But with an increase in the acid concentation, as a consequence of 
the instability of the zinc hydride with respect to tho acid, ee 
and the reaction 


is replaced by the reaction 


aiid consideration fs required of the eoiniennen facet that the value of n in Equation (1) falls below 
0.5 at a sufficiently bigh acid conceatratioa and inde pendently of temperature (Gree Table 1). 


It is clear that, with a sharp increase in the rate strictly of the reaction of the metal with water, the raw 
of the overall process of hydrogen Liberation begins to be conuolled by diffusion, Le., by the rate of the third 
of the basic stages of the seaction metal < 


es 


d 
a 20 mia, 
x 


= 


TABLE 1 
vakecs of the Condanr fer Cameontrations of HCH and Dilfereat Temporaturos 


on 0.06 1.0 (10 0.46 aa 

| 0.04 1.0 1.0 

0,76 0.8 0.55 


The plest con-idetation of the relative role of diffusion fn this process leads to the conchiion that the 
constant & nust be cqual to 0.5 in this case [2]. A valuc of a dclow this valuc indicates that 2 mare complex 
relationship has cmerged in the dispersed systcm under sudy. 


The zinc so] (a8 weli as the aluminum sol) is not a hydrosol of the pure metal ‘but 2 mixtwre of the Latter . 
with +e hydrose} of the hydroxide [5S]. However, in contrast to the aluminum sol in which the reaction is almost 
independent of a change in the degree of dispersion of the sol {1}, the zinc sol as well as the so} of iu hydroxide, 
is significantly bess stable, The addition of acid affects not only the rate of oxidation of the metal by water, 
but also, from the very beginning, the aggregate stability of the cnuse disperse systcm, which coagulates con- 
sidctahly faster than the zluminum so} under the same conditions, As a result of the coagulation.of such a 
inixed sol, 8 coagulum of taiher complex structure is obtalncd, Each particle of metal acquires a film, per- 
haps scveral thincs incre2sed, of reaction products which must be overcome by the components of the chemical 
rcacuion metal ¢ 11z0. Of course, during this,the acid partially reacts also with the hydroxide of the metal, but 
the sate cf ihe latter reaction fs insignificant in somparison with the rate of the reaction of the metal with water. 


Thus, coagulation affects the kinctics of the reaction Za + HzO in the sense that the layer of oxidation 
products «the diffusion layer), om the thickness, o, of which the rate of supply of molecules (ions) of the reacting 
substznces depends, is increased to a greater extent the greater the number, yp, of agglomerated particles, if, 
in the absrheo of cuaguilauon, the rate of increase of this layer asound each particle can be expressed by 


ten, with coagulation present, it Is expressed by 


Hence, it follows that the overall rate of the process of the reaction of the metal with water under con- 
ditions such that diffusion is conwolling will be (cf. (2) 


Afte: integrating, we have 
2 


© 

It is obvious that for » = 1, the exponent n of Equation (1) will be n = 0.5; at y-=2,n = 0.33; aty =3, 
P= 0,25; etc, Since the experiments were carried out with adequate mixing, it is obvious that a certain Hmit 
of particle aggregation was attained, znd, on the average, we have a= 0.3-0.2, 


In of this interpretation of the: observed facts, it may be poin*ed out that the in the coa- 


stani a was not ded in with a change in the reaction rate ‘Constant K, with an increase in the HC] concentration, 
or te mpcrature (seo Table 2), 


acuvation cnergy calculated on the basis of data for a = 0.0025 N is 4000-5000 
calories por mole of 1%, Le., a valuo which is characteristic of the activation cncrgy of a diffusion process in 


s 

ai” er ©) 

7 

2; 


wana, For 1,0 and lower concontratious of we have 12000-15000 calories per mule of 


: 
Values of the Rate Constant K+ 0.4343 for Differcat Concentrations of and Different Temperatures 
Temp Concenuation of (in N) 

1,0 0001 0.001 0.0025 0,005 001 1.0 


20 0.00022 ,00u2 0.0002 0,010 0.05 0.16 0.26 
40 0.0008 0,002 0.016 0.08 0.28 6.45 
0.0048 004 0,004 0.020 0,10 0.32 0.54 


In conclusion, it should be meutioncd that a swudy of the kinetics of reactions taking place in collotdal 
systems leads, as we see it, not only to certain new conclusions relative to the seaction mechsalsm, but alee 
to carichment of our knowledge in the field of colloid-chemical processes — in we field of coagulation, be- 
cause the electrolyte, im the gcacral case, not only causes coagulation of the dispene phase, but ‘also reacts 
chen:ically with the micelle nucleus rewuiting in a more en structure of the precipitate, with which, fer 
the most part, we must deal in 
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_ ACYLATION OF ACETYL- AND ETHYLFERROCENS 
Academician A.N. Nesmcyanov and N.A. Votkenas 
We undertook the: acylation of acetyl- and ethylferrocene with the alm of shedding Ught oa the problem 


of the effect of substituents oo the reactivity of the hydrocarbon auciei of ferroc:ne in elecuophilic subsduticn 
reactions, 


Acetylation of accty ferrocene formed 3 .1*-dlacety Verrocene with an m.p. of 130-131 that the acetyl 


groups are on different rings has already been shown {1,2}, Benzoylation of acetylferrocene formed acetylbea- 


zoylferrocene with an m.p, of 71-72°, It is probable that the acy] groups in this compound are also located oa 
different rings, since a third acy? group could not be inwoduced, 


In the action of acety) chloride on ethylfetrocene in the presence of aluminum chloride, the reaction 
could not be stopped at the monokctone stage. Guly the dark red, olly diaccty le thy Herrocene was formed, the 
disemicarbazone of which dccoinposed at 208-210", A single acetyl group can be introduced by the action of 
the silicoanhydride of acetic acid on ethyMerrocese in the presence of stannic chloride, This reaction formed 
a mixture of two isomeric acetylethy ferrocenes and the diketone described above. 


The isomeric acetylethy Merrocenes were separated as the semicarbazones (sc-i, m.p. 190-192, and 
SC-Il, m.p. 141-142), The ketones forming SC-I and SC-II ane the diketone were formed in the rao 3.5:1:2, 

respectively, 

All three kctones were subjected te Cleminensen reduction, the sient being Introduced directly into 
the reaction as the scmicarbazones which hydrolyzed in che acidic reacuion mixture, From $C-ll was obtained 
1,1°-diethy Merrocene (nt 1.5800), described by us previously [3], wit the ethy] groups in different cyclopentae 
dienyl rings, From SC-1 was obtained the isomeric 1,x-uicity ferrocene with 27§ 1.5761, In this compound, 
the ethyl groups can only de located on one ring, 3s was confirmed by bromination of this substance, The action 
of dromine on 1,x-clethy Iferrocene gave pentabromocyecopentane [2] at the expense of the unsubstituted cyclo- 
penizdieny] ring. Pentabromocyciopentane was noi formed Sy che bromination of 1,1’-diethyMerrocens, 


Reduction of ciacetylethylferrocene to tiethylfezrocene, aff 1.5613. 


Thus our experiments showed shat, In the ferrocene moleculc,.a cyclopentadieny] ring with an aceryl 
group substitent is less reacuve, and one with an ethy] group substiwent is somewhat more reactive than aa 
unsubstituted ring, insofar as Friedc]-Crafts reactions are 


‘EXPERIMENTAL 


1. 1, Synthesis of 1 1° -diacety ferrocene from acetylczrocene. From 3 g (0.033 mole) of scetylferrocens, 
1g (0, 013 1 mole) of acety} chloride, and 3.32 g (0.026 of aluminum chioride in 40 ml vf carbon disulfide, 
after stirring without heating for 30 minutes and refluxing for 30 minutes, was obtained 3.16 g (89% of theoretical) 
of 1,1°-diacetylferrocene, m.p. 130-131°, A mixture of this substance with 1 »1*-diacety Merrocene prepared 
from ferrocene and acety} chloride melied without of the point, No other was de- 
tceted io this experiment 


2. Synthesis of From 2,87 g (0. 012 of acetyerrocene, 3.68 g (0.012 
mole) of benzoy] chioride, and 3.1 g (0.024 mole) of aluminum chluride in 50 ml of carbon disulfide, reacted 
under the same conditions as above, was obtained a dark oll, It was weaicd with warin 10% alkali, and thea 
dissolved in benzene and cluomatographed on ARO. Benzene cuted 0,74 g (26% of the initial material) of 


? 
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acety fe with chited (40% of tworetical) of red crystalline 
ether (1:2) 


Found C ORS; 4. Riz Fea Caleulatud C6472; 14,81; - 


of of dlacuty 4 g (0.018 mole) of 2.81 g (0.196 molc) of 
chloride, ang 4.22 (0,017 mole) of aluninum chioride in 30 of carboa disulfide were used in te rcaction, 
The reaction was cared vut tinder the usual coaditions and resulted ia the formation of 4.09 g of a dark oll, 

was dissolved in 30 of gasoline and treated with conccutrated hydrochloric acid coloring of the hy- 
drochluric acid layer ecascd (a total of 80 ml of The hydrochloric acid solution was dilutcd with water, 
and the ketowe was cxtracted with beazenc. Aficr purification by chromatographing on aluminum oxide, 3.79 g 
(C8% of theoretical) of dark red, ally was obtained. 


Found fc C 64.88; 65,03; 11 6.06; 6.00; Fe 19.12; 39.02, CrllegO,Fe. Calculated Je C 64.48; a 6.04; 
Fe 18.74, 


The discmicarbazonc of di ace ty ke thy ierrocene decomposed at 208-210" after recrystallization from 50% 
alcohol, 


Found C 52.24; $2.29; H S.66; 5.81; N 20,38; 20,57; Fe 12.95; 12.94. Cylt,O,N Fe. Colcoleted fe 
C 52.47; H 5.83; N 20.38; Fe 13.55, 


in addition, ib this experiment 0.47 g (10% of theoretical) of 1-acetyl-x-cthy Merocene (a thick, dark 
red Lquid) was obtained, the seinicarbazone of which melted at 189-191° after recrystallization from a mixture 
of alcohol and water (2:1). 


4. Syntheils of isomerle acetykethylferrocenes. A mixture of 60 ml of glacial acetic acid, 6.12 g (0.036 
mole) of sil‘con tewachloride, and 120 ml of benzene was refluxed for 3 hours, 8 g (0.U36 mole) of ethylfer- 
rocene in 8 ml of benzene was then added, and 18.8 g (0.072 mols) of stnnic chloride in 20 ml of benzene was 
added gradually. The mixture was refluxed for another four hours, After decomposition with ice and conceae 
trated HCI, the precipitate was filtered, and the precipitate and filtrate were carefully extracted with a mixture 
of ether and benzene. From the ether-benzenc solution was obtained 6.84 g of a dark of It was treated with 
hydrochloric acid as in Experiment No, 3. This treatment resulted in a mixture of 5 g of an olly mixture of 
ketones, which was dissolved in a mixture of benzene and pewoleum ether (1:2) and chromatographed on alum- 

_ loum oxide. Benzene — 4 g (41.8% of theorctical) of a mixture of isomeric acetylethyMerrocenes, 


Found fa C 68.18; 65.80; H 6.27; 6.33; Fe 21.61; 21.55. CyltOFe. Calculated $< C 65.68; H 6.25; 
Fe 21.81. 


A mixture of benzene with alcohol 1) 0.9 g (8% of theoretical) of The 
semicarbazone melted at 208-208". 


By reduction of the aqueous layer remaining from the reaction mixture there was obtained 2.56 g (32% : 
of the original amount) of ethylferrocene, nF} 1.6028, - 


The semicarba zones were prepared from the mixture of and the former were sepa- 
tated by successive crystallization from an alcohol-water solution (2:1) and from sicobol, There were obtained 
1.03 g of SC-Il, m.p. and 3.64 g of SC-1, mp, 190-192". 


Found C 57.65; 51. 45; H 6.16; 6.14; N 13.71; 13.78, Fe 17.81; 17.89. SC-1 CyHyON,Fe. 
C5S7.55; 6.07; N 23.42; Fe 17.83, 


Found $7.50; 57.47; H 6.07; 6.09; N 13.58; 13.60; Fe 17.90; 17.84. 
Calculated C 57.55; 6.C7; N 13.42; Fe 17.83. 


The experiment was 6 times, and the quantitative ratio of remained approximately the 
"same in cach, 
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Reduction of the acuty thy Netrecencs, a) 5.4 g to 4.33 g of 
wat in 49 of HGP and heated on a water bath for h-10 mimites, The violet-red soles : 
tlon wae thea di hited with 40 ml of glacial acetic acid and poured onto amalgamated zine (from 21.8 g of 
zine dust), The redaction wat Complete and the sofuthin decolerized after 3 hours (with mild heating toward 
the end), The nifxtare wae dihited with water, and the product extsactod with benzene, After driving off the 
heuzene, the residuo was distitled, The product was chromatographed on aluminum oxide, - 
Petrolcum ether cluted 2.40 (fi1% of thowrcticalh t.x-dlethy Morrocone, 1.5761, 1.1658, 


“Found 6,59; 7.39; re 71.04. CigllyFe. Calculated te C 69.4% H 7.43; 
Fo 21.01, 


b) By the samo moar, 1,74 g (57% of theon-tical of 1,1°-diethy Hertoccne, ny 1.5800, 1.1787 (Hier> 
ature data [1 aby 1.1787) was obtained from 4.2 g of (corresponding to 3.43 g of ketone). 


6. Reduction of Stacety lethy Nerrocene, Hy this same method, 0. 73 (56% of theoretical) of uiethylfere 
rocenc, my 1.5613, in, 1.1201, was obtained from 2.73 g of the disemicarbazone of diaccty kethy Iferrocenc (cor= 
responding 16 1.98 g of ketone), 17.4 g of amalgamaicd zinc, and 36 mi of concentrated HCl in 39 mi of gates 


acetic acid, 
Found C 71,28; 71,19; H 8.32; &27; Fe 20.25; 20.35. C 71.17; H 8.14; 
Fe 20.68, 


All of the alky lferrocenes obtained were orange-red Hquids, 


7. Reacuon of ethylicrrecene with broniine. To 1 g (0.0045 mole) of ethyHetrocene in § ml was 
addud 6.4 g (0.03 mole) of tomine in S mlof CCk. A vigorous reaction occurred with evolution of heat and 
the Uberation of HBr, at the conclusion of which the mixwre was rcfluxed for 1} hour, The CCl was then evap- 
orated, A mixture of of] and crystals remained, The crystals were carefully washed with ether. There wes ob- 
tained 1.6 g (74% of theoreUcal) of pentabromocyclopentane, m.p, 102-103° after recrystallizsiion from alcohol” 
(Uterature data m.p. 109-104"). A mixture of tis substance with pentabromocyclopentane prepared from 
ferrocene melted without depression of the melting point, 


8. Reaction of 1. x-dlethyWerrocene with bromine. By this same method, 1.5 g (82% of theoretical) of 
pentabromocyclopentane, t.p, 103-103.5° was obtained from 0.96 g (0.0039 mole) of 1,x-diethy Herrocene, 
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NY DROGENATION OF COTTONSELD OIL WITI) COMBINED uYDROGEN 


Acadeinician of the Acadcusy of Schcuces KazSSR Sokolsky 
aad 8.Z. Gematova 


Hydrogenation of unsaturated compounds combined hydrogea proceeds mur> selectively than docs 


- hydrogenation with free hydrogen [1} . The removal of hydrogen from the donor during such a process can bs 


accomplished at a Jower temperature owing to the muss2! dependency of the conjugated reactions, lence, the . 
coujugation of such processes as the hy drogenatioa of Gay oils and the dchydrogenation of naphthenic fracuons 
of petroicuin is possible, 


In the work carried out by us, the comparative}y sisnple system ol] was Investigated, 
It seemed of futerest to study the effect of various facazs (ratio of reacting materials, temperature and duration 
of the’ process, temperature of reduction of the catabys, etc.) on the course of the conjugated processes and oa 
the effect of conjugation, 


The experiments were carried out in the Hquid phase, at atmospheric pressure, and at temperatures of 
180, 200, 230, 230, and 250°, . 


The extent of dchydrogenauon of the tctralin was dewermined from the total of the free hydrogen Uberawd 
and that added to the of] (the Lanter was deternnined by the decrease Jn fodine number). In some experimen, 
the hydrogen balance wis confirmed by dctermninatias of the amount of naphthalenc formed by dehydrogenation 


of the tevalia, ete 


The catalysts used were Ki LALO, Ni + Cz JARO, N1[Cr,0,, and Ni]ZnO, The hydrogenation of conoa- 
seed oll (ni§ 1.475, dj° 0.91, Us = 109.6 and Ke = 0.12) with free hydrogen and the dehydrogenation of tevalin 
(tp = 206-207", ni5 1.5106 and c° 0.97) in the abscace of of] over these catalysts were studied first. 


It was showa that, at equal content of the active component (NI), the catalysts Ni] Zn0, nilc,0, and 
Ni] AO, had ai:nost equal specific activity for the hydrogenation of the of} with free hydrogen. These data 
permitted the conclusion that the nawre of the carsic: Bad no great effect on the hydrogenating properties of 
the nickel, The accuracy of this conclusion is coclirmed by the work of A.E, Agronomov and Yu.S. Mardashev 


The dehydrogenation of tctralin presented a ESicccat picture. In this case, nia}, was the most active, 
Ni] ZnO was the Jeast, and Ni [Cr,0, was intermediaw. I: is obvious that, for successful dehydrogenation of 
tctralin, adsorption on the catalyst surface is requived, which conuibuted more than ZnO or 


Different conccntrations of the hydrogen donce were required by these three catalysts for appreciable 
saturation of the oil by hydrogen from the tewalin, Thus, hydrogenation of the of] at 200° over Ni]Zc0 (19% 


Ni) and Ni |Cr,Q, (64% Ni) began only at a tetralin comzeat in the inlual mixture greater than 0.55 mole frac~ 


tion, A further increase in Uc amount of tetalin in Se sysicm Jed to an Increase in the rate of the process 
(sce Figure 1). In conirast to dus, hydrogenation of tne cil with combined hydrogen over Ni]A}O, (64% Ni) 
occurred even at s teualin conicnt in whe initial mixuze. of 0.364 mole fraction; during the hydrogenation, . 
the fodine nuinber of the oi] deescased by 22.6. is 2 t bout process, the total amount of hydrogen removed 
from the tetralin comprised 21.1% of theoretical (process temperature, 200°), The rate of hydrogenation of 

the of] over this catalyst depended both on the concearmation of the hydrogen donor and on that of the acceptor, 
The hydrogenation rate reached a maximum (iodine munber of the oj) decreascd by 70) at a specific mols 
fraction of tetralin (0.364 at 230°}, The hydrogen tius meinoved from the tctalin was almost coinpletely ab- 
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Tewatia ia the iniual tacuoa 


Fig. Dependence of the raw of hyd gunadoa 

of all by combined bydrogea ou the concentsados 
of bydrogea — tetra lia — tn the jnidal 

twre, 1) hydrogenation over Ni NI) at 
230°; 2) the same at 200"; 3) (19% 
Ni) at 200°; 4) Ni]Cs,0, (64% Ni) at tN", 

jugated hydrogenation almost did not yo Over 


Ni [220 of 56-64% Ni content, 
ml/br 
LA 
4 
s 


a ar 
Temp, of catalyst reduction 
Fig. 2. Effect of temperature of reduction of the 
Catalyst on its hydrogenatiog and dehy drogenating 
properties, 1) hydrogenation of oi) with free hy- 
drogen based on hydrogen conmmption; b) 
based on decrease in iodine number «f the oll} 
2) dehydrogenstion of tewalin in the absence of 
oil; 3) hydrogenatioa of of] with combined hydro- 
gen; 4) liberation of free hydrogen during the 
conjugated process; S) dehydrogenation of terrae 
in in the presence of oil, Experimental condi- 
Uons; amount of catalyst, 0.4 g 30 ml ofk 
2.5 ml tewalin; temperature, 230°, 


It is obvious that NIJA}Q, fe tore sulted for the study of the hy drogenation of fats at the ——- of the 


hydrogen of naphibenes. 


It was further shown that the relationship of dchydrogenating and hydrogcnating properues of nickel cata- 


soracd by the lh With aw Increase the wiralin cone 
teat of the initial te sate of dehydrogenation 
of the tetra tncreascd, and the rate of hydrogenation 
of ths 1 ducrvamd, The aceephw was not able to fis 
the hydrogen frou the tetralin, and the Uberae 
thas of the excuss hydrogen as a gas was observed, 


A decreas fa the process temperature shifted 
maximum bydrogenativa in direction of a 
greater couccawation of tetralin in the initial mixtuss 
to 0.34 fracuica at 230° and to 0.5 mole 
thon at 200°, 


A similar dependcat nature was found for the 
Ni + Cul AkO, catalyst; however, the rates of dehydro- 
genation of wualin and ef oll wese 
slower over this catalyst, 


The scsults of the experiments on Cunjugated 
dehydrogenation confirm the opinion expressed by one 
of us conceming the relationship between the limiting 
Stage and the magnitude of the activation energy a 
hydrogenation [3}. 


The value of the activation energy for the hy- 
drogenation of oll over NiJAlO, at a tetralin mole 
fraclcn of 0.364 is 8500 /mole. It Is evident that, 
in this casc, mok-cules of the hydrogcaatabls compound 
predominate on dx catalyst surface, and the process is 
Hmited by the dehydrogenation of the tetralin. With 


an Incrcase io the teualin coatent of the initia] mix- 


ture, its surface concenation increases, molecules of 
the unsaturated compounds are gradually displaced 
from the surface, and, in the end, the Hmiting stage 
will be detesmined by the activation of the double 
bonds of the hydrogenatable compound, and the activa- 
Uon energy dcops to 2000 cal./mols, 


From the results obt2ined, te catalysts can be 
atranged in the following series of increasing dehydro- 
geaating- activity: 


It can be assumed that, in such a series, the ratios 
of the adsorption cocfficicats of tetralin and ofl on the , 
surfaces of the catalysts ircreases, Probably, the values 
of this ratio is very small on Ni]ZnO and Nij Cr,0,, 
and, therefore, on these catalyst the process of tydro- 
geastion with combined hydrogen Is imited mainly sy 
dehydrogenation of the tctralin. The ratio is compara-— 
Uvely high on Ni [Al,0,, and, therefore, changing the 
ratio of donor and acceptor on this t Catalyst can change 2 
the limiting stage, 
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lysts on carrice Is a function of thy temperature of roduction of thu catalyst, As sven from Figure 2, dw rate 
of hydrvgenation of the ul) by free hydrogen Jucreawd (Cuzve 1) and Ue raw of deliydrogenation of the tevalia 
changed but Uttle (2) with aa increase iu the temperature of reduction of thy catalyst. On conjugation of these 
processes, with an Increase fn the temperature the total amount of hydrogen removed from the tewalia decreased 4 
(5), but tho fraction of it added to the off fucreased (3), and kiss hydrogen was Uburatcd as a gas, 


Thus, the offect of conjugation dcpunds on the temporature of the process, the ratio of reacting matcriak, 
the temperatury of reduction of catalyst, and a serics of oiler factors, Over the NI] (sce Figure 2) and 
Ni ¢ Cu catalysts,reduced at a low temperature (325-350), the dehydrogenation of the tetralia in the 
presence of of] proceeded twice as well as in its absence, Uniler these same conditions but over catalysts re- 
duced at a high temperature (450-500"), uw cffect of the conjugation was less, The dehydrogenation of 
Un over Ni [ZnO and Ni [Cr,0, was observed only whea its concentration predominated in the system, 


TABLE 1 
Content in of}, % 
Fatty acid before aftcr hydrogenation 
the Umit 

19.8 

32.8 56.5 : 

Oleic 33.15 56.9 
Isoolele 9.0 
Linoleic | 45.5 3 9.65 


Hydrogenation of the ol] over Ni JAl,O, proceeded more slowly with combined hydrogen than with free, 
The impairment of hydrogenation in the conjugated process can be explained as follows, Strong adsorption 
of ths double bonds of the hydrogcnatable compound on the-surface of the Catalyst leads to displacement of the 
tetralin from the surface and, along with dus, to retardation of its dehydrogenation. The insufficiency of hy- . 
drogen, in turn, limits the hydrogenation of the activated double bonds of the insamrated glyceridcs, With 
greater adsorption of the tewalin, its activation and dchydrogenation are accelerated; howeves, this retards ac= 
tivation of the double bonds of the hydrogenatable compound and, consequently, thelr saturation with hydrogen. 


Cottonseed ol] is saturated by hydrogen from tetuslin only to an lodine number of 70-71 over Ni JARO) 
Further decrease in fodine number cannot be obtained either by Increasing the tempcrature and duration of the 
process or by an excess of donor hydrogen, Apparently, under these-conditions the hydrogenadion occurring is 
mainly Unoleates to oleates; the oleates remain almost unaltered by-the hydrogen from tetralia, The rcsulss 
of the analyses of the fatty acid content of the of] before and after hyarogenation to the limi: atiest to ihe ac- 


curacy of this statement (see Table 1; the separation of the fatty acids was carti¢d out by the method of 
Twitchell). 


For additional confirmation, special experiment were carried out on the hydrogenation of methy! oleate 
(b.p, 212-213° at 15 mm, ni} 1.453, dj> 0.8785) with free hydrogen and with combined hydrogen from tetralia 
over th!s same Catalyst. The results obtzined showed that hydrogenation with free hydrogen proceeds to com=- 
pletion, while with combined hydrogen the meshy] oleate is saturated only to the extent of 18-20% 
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COMPOUNDS OF PLATINUM wiTH DIMETHYL- 
AND DIETHYLSULFIDES 


A.D. Gelman and $.P. Derendysew 


(Preseates by Academician A.N. Frumida, June 28, 1956) 


A number of investigators have occupied themsélves with thioether compounds of platinum (Blo-nstrand, 
Claisen, Fritzinanm, Jensen, Drew and others). All of them noted that diaci dosu ifide platinum compounds of the 
type (2RgSCLPr) exis: in two isomeric forms which differ sharply in color and properties and ase prone to iso- 
merize, The pecuSacities inherent ia the thicethess of platinum dichloride, in comparison with the amine 
derivatives, for a long time caused perplexity and served as grounds for discussions of theis structures, 


In 1939, cce of che present authors [1] proposed that thicethers and thiosulfate fons must have increased | 
trans~influence owing to the formation of coordinate double bonds with the central] atom (¢.a.). DL Ryabchikow 
[2} showed that thios:Mate fons sctually exhibit increased wans-acivity in the inner sphere of the c.a. 


The idea of increased wans-infJueuce of thicethers in the inner sphere of the c_a. (platinum) found can- 
firmation in an adoacate review of the Literature data on platinum thioether compounds. Moreover, in an in- 
vestigation of the reactior of one of the thioethers with a chloruplatinite, A.D.Gelman (3) obtained two isomers 
of the compositica Pr). The coafiguration of each was demonstrated by physical and chemical 
methods, The orange substance was the trans-form, while the greenish white substance was the cis-form. The . 
chemica} behavice of the isomers was entirely analogous to the behavior of the correspooding ethylenic isomens, 


In 1950, we set for ourselves the goa! of carrying out a systematic investigation of the coinplex compounds 
of platinum with dimethyl- and diethyIsulfides starting witb the concept of the increased twans-activity of thio- 
ethers, We succeeded in showing that by the action of thicethers on cis-{AgC, Pt), where A = NHg, Py, En/2, 
successive reactions procte ded according to Scheme 1, 


A Cl S®] Her [RS 


while by their action on trans-dismines the reactions proceeded according to Scheme 2, 


Ha HC 
RSA Ja RS A : 
The ease of the splitting out of ethylenediamine ct) hydrochloride located in the trans position from the 
thioether group deserves special atiention: 


RS a 


. 2 
> ~ - . 
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Corresponding ethylenic compounds, 


= 


A similar picture is observed only with the action of hydrochloric acid on the compounds ((C,H,Ci, Pt), En} (4) 
and [En2P(CyligyPtICh (5}. As is well-known, ethylenedismine fs usually tightly held ia the inner sphere of the 
¢.a. Evea in the case where En is in the trans position to the nitro group, Chugasev's rule of rings remains in 
force £6} 

In contrast to compounds of platinum with thiourea, increased lability of organic sulfides occurring at e 
single cdordinate was obse-ved. Thus, only was isolated by slow crystallization from solue 
tion trans-dichloride ly, and from a solution of [4RgSPt}C], the dichloride with the cis- 
configuration {(RgSCl}_Pt) was isolated, The increased lability of the thicethess located at a single coordinate 


can be explained by the fact that a greater or lesser amount of the cis-isomer is always formed unde: the con- 
ditions of preparation of trans-isomess. 


TABLE 1 
ow’ “a 
* Melting point - iss 
Solubility is alcohol, and Readily soluble Difficulty soluble 
behavior toward AgNO, Slight opalescence appeased | Slowly formed a precipitates 
 (aleoholic solutioa) after’ severa] minutes of AgCi 
behavior toward NH, in | No reaction observed Formed [Pt4NH,}Ch 
aqueous medium 
behavior toward Py ‘a No reaction observed Formed [PrPy,}Cl, 
aqueous medium 
behavior toward thiourea | Formed [P14SC(NH,) Formed [Pt4SC(NH,) Ch 


“Apparently; during the meiting point determinations, a mixture of the two isomers or the 
most stable isomer at this temperatuze was formed, 


The amount of cis-isomer can be brought up to 80-90% by the introduction of an excess of chloride ions 


(KC) and of some excess of sulfide (20-30%) into the solution, Heating to 25-30" also ibe: sases the yield of 
the cis-isSmer. 


The course of the reaction can be represented 2s follows, In the action of dicthylsulfide on potassium 
chloroplatinite, the twans-isomer is first formed, which, reacting with the excess sulfide, forms an ucstable trie - 
sulfide compound of platinum. With an excess of chloride ions in the solution, one of the sulfide groups’ on the 
RgS~Pt—SP, cocrdinate is replaced by chlorine, thereby forming the cis-isomer., 


In Table 1 are presented the basic properties of the isomers, showing their complete resemblance wm the 


The diilerence between the sulfides and the ethylenic compounds of platinum is-that, at room temperature, 
only one molecule of ethylene is added to the platinum, while the number of sulfide groups can reach fous. 
This is due to the different nature of the bonds of ethylene and of the sulfides with the ca, 
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INVESTIGATION OF METALLIC COMPOUNDS IN NICKEL. 
ALLOYS CONTAINING ALUMINUM 


2.8. Golubtsova and L.A. Masbkovich 


(Presented by Academician G.G. Urazov, June 25, 1956) 


The structural diagram of the system nickel-aluminum was first constructed by A.G. Gwyer in 1908 [1) 
using thermal analysis and a stacy of the microstructure. A.Bradley and A. Taylor [2] studied the Ni- A) 


gram by the x-ray stuctatal method, and found a new phase which they called a*(y*). 


In: 1837, W.0. Alexsoder and Vaughan [3} established that, as a result of a peritectic reaction ae 
139S° between the NiA! solid solution and the melt, a phase is formed in a narrow concentration interval be- - 
tween the nickel] solid solocioa of y) and the NiA] 8 solid solution. This phase has a face-centered lattices, 
and comesponds to the metallic compound Ni,AL An investigation by Floyd [4) showed that the ope 


Ni,Al in the system Ni—AJ exists in a narrow concentration interval, 


LN. Guseva and ES. Makarov, studying the structure of alloys [5], established thar the 


compound Ni,Al has a cubic face-centered lattics. 


LL Kornilow and RS. Mints obtained new data characterizing the nature of the Ni,A) phase [6} In the 
course of investigations of alicys of the systems Ni~Al, Ni—Cr—Al, and Ni~Cr-Ti—Al, systematically carried 
out by LL Komilov and LI Pryakhina, it became necessary to study the metallic compounds formed ia these 
systems by intermetallide azayzis, With this aim, we investigated certain alloys-of varying aluminum content? 


having the chemical compocitions given in Table 1, 


TABLE 2 
Chemical Composition of the Alloys 
Alloy AlloyNo. | ALwi& | | 
Ni-al 1 4,00 
2 10.04 
3 1.98 16.60- 
4 5.96 16,60 > 
8 10.35 16.60 - 
6 1.11 16.60 1.60 
Ni-Cr-Al—-Ti 3.89 16.60 1.60 
10.04 16.60 


1.60 


Thermal weatment of the alloys cousisted of heating to 1200°, soaking 24 hours, cooling to 900°, soaking : 


$0 hours, and cooling im aix, 


The alloy samples used im the intermetallide analysis were cylinders 40 mm. high and 13 m:n in diameter, | 


*These alloys were prepared by LL. Pryakhina, ~ 
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In order to select an efficient electrclyte for anodic solution of the alloys studied, electrode potentials of the 


NigAl and solid scbtice phases were measured: a) with 4@Al, remainder Ni; b) 1.08% Al, 16.6% Cr, remainder 
Nt; 1.22% Al 16.66% Cx, L66% TL, remainder NL The measurements were made at the instant of 
mergeace of the electroics in the electrolyte (Table 2}, 


A saturated calomel electrode [7] was used as the rtandard electrode, 


As seen from the dots in Table 2, in Electrelyze Na, } the electrode potentiels of the solid soludoas wess 
Jess electropositive cise the potssiiak of the NigAl, which indicated that this elecuslyts could bo med 
anodic solution of the alloys to ‘solate the NiAl phases, 


TABLE 2 
Value of the Electrode Potentials (Ia mv) of the Ni,Al and Solid Solution Phases in Various 
| Solid solution} Solid solution} Solid soludos 
of the binary | of the ternary| of the quatere 
. Electrolys <omposition = alloy Ni—Al | alloy nary alloy 
Ni-Cr-Al_| Ni-Al-Cr—Ti 
No. 1. 15 m] HNO, (1.49), 
3S g citric acid, 5g 
ammocicm sulfaze, 900 
rm] methy] alcobol, 108 
water 191 . 155 155 
No. 2, 15 m] HCI (1.19), 
5 mi HNO, (1.40), 5 ml ad 
HgPO, (1.7), 1000 mi 
water 70 157 140 160 
No. 3. SO (30th), 
ml HNO, (1.40), 1000 
m] water - 150 |. 185 160 


oa the measurement of the electrode potentials, with respect to the calomel electrods, sad 
thelr variation wich time (Figure 1)*showed that the presence of chromium (16.6% accelerates the disso} 
of the solid solution. As regaré ttanium, its presence in the alloys studied in an amount of 1.66% had ao 
material effect, 


TABLE 3 


Resuls of Microchemica} Analysis of the Composition of the Powders of the Binary Alloys of 
the System Nicke]-Ahiminum. (Anodic solution carried out fh No, 1 ata cuneat 


£ Found, wt. | Found, At. 

2 | 6.019 24.63) 99.99 Ni, Al phase 


*Figure does not appear in original — Publisher, 
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Results of the Analysis of the Composition of Anode Powders of Ternary Aloys of the Systom 
(Anodic soluiion carried out in Elocurolyto No. 1 at a curroat 


density of 0.075 amp. /sq.cm.) 
Found, wt. j Found, At. “tay struce 
69.66 
TABLE & 


Results of the Analysis of Anode Powders of Alloys of the System Ni-Al~Cr—Tl (Experi- 


ment duration 7 hours, Current density 0.075 amp./sq.cm.) 


to x-tay structura!] and chemical anelysis, 


_presence of chromium and titanium in the 2!loys in the amounts investigated had no effect, Tne theoretical 


ls ¥ Found, wt. Found, At. % X -tay strue- 
2 tural anale 

lz 

a] No residue (homogeneous solid solution) 

2] 3.99] | 78.00; it. 67.83] 2.52) 4.34 NigA 

8} 10.08] 4 | 12:07 3.76 3.69 | 3.4 2.0 

81 90.06} 4°] $9.06! 7.27 8.45) found 


of Electrolyte No. 4: 15 ml HNO, 35-g citric 5 g ammonium 
sulfate, 1000 water. 
Note for Tables 3, 4, and & 

x-Ray structural) analysis of all samples was carried out at the Bureav of Aviation 
Material Supervision, A.Ya. Snetkov Military-Air Engineering Academy. 


In order w Isolate the metallic compounds from the alloys of the binary, ternary, and quaternary systoms 
mentioned above, experiments on the elecuolytic anodic solution of the indicated alloys were carried out with 
clecwolytes containing nitric acid [8]. ‘ The anodic solution was carried ou: at a current density of 0.075 amp./ 
/sq.cm, The anodic residues, after centrifugation and drying at 200° in a sueam of hydrogen, were subjected — 


The of the chemics) analysis of the powders of Vasey, ternary and quaternary alloys 
are presented in Tables 3, 4, and & 


As seen from the data of these experiments, a metallic compound, am Ni,Al nee: of stoichiometric come -. 
position, was isolated by anodic solution of the systems Ni-Al, Ni—Cr—Al, and 
containing niuic acid. The high degree of reproducibility of the experimental results should he noted, The Chi Sei, 


Ni: Al ratios according to the formula Ni,A} ase 6.52 (wt.) and 3.0 (comp.).The weight and atomic raics of =~ ae" 
nicke] to aluminum in cach anode powder agreed with theoreticas, which indicates that the electrolyte chosen =~ 


"provides for isolation of this phase, 


Reccived June 11, 1956 


A.A. Baikov Institute of Metallurgy 
Academy of Sciences, USSR 
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CHLOROARYLATION OF CONJUGATED DIZNES AND A “= METHOD 
OF SYNTHESIS OF a-ARYLBUTADIENES 


A.V. Dombrovwsky 


(Presented by Academician B.A. Kazaasky, May 3, 1956) 


The reaction, discovered by Meerwein [1], betweea a,8-unsaturated carbonyl compounds and aromatic 
d{azonium salts in the presence of cupric chloride bas not been studied to any extent for dienes. It has bees 
indicated [2-4] that the most reactive diazonium chlorides (dia zotized o- and p-nitroaniline, p-bromoanilins, 
and 2,4-dichloroaniline) react with butadiene and chloroprene. The products obtained, however, were neither 
sufficiently characterized nor studied, it being noted only that certain of them are converted by alcoholic al- 
kali to @-arylbutadienes, Thus, o- and p-nitro- and p-bromopbeny]-1,3-tatadiene were prepared, 


TABLE 1 
Ar—CH, ~CH = CH—CH,CL, Prepared by Chioro- 
arylation of Butadiene 
* |B.p. ia°c 
ae and presin! 
70 | 92—93/3 | 4.5402] 1.0541 
| 192—914/6 | 8.549) 1.0227 
SO | 107—103/3 | 1.5.54] 1.0520 
0-CH,C,H, 52.5 4—95/2 | 1.5400) 1.0434 
P 40,6] 124—126/2 | 1.5450) 1.0452 
p-cic, 67 | 125-.126/2 | 1.5518) 1.1670 
2.4-Cl.C, 64 | 145—148/4 | 1.2972 
-BrC,H, GO | 11741872 | 1.5728) 1.4218 
62 | 155—156/2 | 1.6051] 1.7 
p-IC,H, 30 | 157—140/2 | 1.6082) 1.5790 
pOsNGH, | 75 | 145—146/2 | 1.5740) 1.2243 
mO,NG, | 174—176/7 1 S680) 1.2188 
o-O,NGI 66 | 155—156/3 | 1.5692] 1.2226 


We investigated the reaction of butadiene, pipery- 
lene, fsoprene, 2,3-dime thy]-1 ,3-butadiene, 3-methyl- 
2,.4-pentadiene, chloroprene, 1-pheny]-1,3 -butzdiens, 
1-(p-toly)-1,3-butadiene, and 2-pheny]-1,3-butadtens. 
oa the one hand with benzenediazonium chloride and 
other diazonium chlorides having pocdtive or negative 
substitents in the nucleus, on the other hand. In the 
case of butadiene, its homologs, and chloroprene, the 
reaction proceeded mainly by the addition of the ary} 
residue and the chlorine stom of the diazonium sak is 
the 1 and 4 posidions with the simultaneous Uberation of 
nivrogen. Ie the future, we will call this reaction “chio- 
roarylation.” In addition to the 
butenes, small amount of chlorobeae 
zene, and tarry products were formed as by-products, 
We pote that only 1~p-nivopheny!)-1,3-pentadiene was 
formed by the action of p-nitrobenzenediazonium chloride © 
Oa piperylene. In the case of the arylbutadienes, viny! . 
substitution of the hydrogen atoms at the end of the coa- 
jugated system. by the aryl radicalsof the diazonium 
salt was observed, We will cail such a substiwtion “aryl- 
ation of unsaturated compounds, 


In chloroarylation with benzenediazonium chloride or dlarotized amines with positive substituents in the 
nucleus, the most satisfactory result are obtained if the reaction is carried out in aqueous acetone solution ia 
the presence of calcium hydroxide or magnesium oxide, maintaining the pH of the reaction medium at 4-6, 
Under Mcerwein's conditions (i.e., in the presence of sodium acetate) the reaction either does not go at all, or 


it gives poor yields ow'ng to resinification, We below a example of under the 
conditions worked out by us, 


_ To a mixture of a solution of 1.1 0.25 mole of cupric chiodide 
in 80 ml of water, and 0.1 mole of calcium hydroxide at 7-10" was §tadually added with stirring a solution of 
benzene diazonium chloride prepared by the diazouization of 1 mole of aniline in 190 im] (2.2 moles) of con- 
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centrated hydrochloric acid with 1 mole of sodium nitrite in 140 mi of water. 


- Liberation of nitrogen was complete after 4 hours, The organic part was extracted with ether, After the wena) 


treatment, 120 g of 4-chloro-1 -phenyl-2-butene was obtained by distillation, i 


Chioroary lation of butadiene with diazonium salts having negative substituents in the aucless- ‘pre the 
best results when the reaction was carried out in hydrochloric acid solution without the addition of an alka lizez, 
The yields and properties of the chloroaryIbutadienes we obtained are presented in Tabies 1 and 3, : 


The structures of the synthesized chloroary!butenes were proved by ozonolysis or by oxidation with potas- 
sium permanganate under mild conditions, In all cases, chloroacetic acid and the corresponding —. ; 
boxy Mec acids were obtained, 


Of the many reactions into which the chloroary!butenes prepared can enter, we studied dehydrochlorina- 
tion with the aim of preparing e-arylbutadienes, As already x v:ed (2, 4}, chloronitophenylbutenes are easily 
converted into the corresponding e-nitrophenylbutadienes by the action of alcoholic potassium hydroxide. 
was shown that chloroary Ibuténes with substiwents of the first type and also with halogen etoms in the benzens 
ring are converted under these conditions into a mixture of a-aryibutadienes and alkoxybutenes with the loteer 
predominating. “Attempts to use other known methods for splitting out HCl, for example, the action of quino- 
line, dimethyl- or dicthylaniline, pyridine, and did not give results. In ali cases, resini- 
fication of the reaction mixture occurred, - 


TABLE 2 
‘As~CH=CH-CH = Prepared from 


B.p. in “Cand of 
aleic gne 
press in mem ydride ad- 
product 
90 65—66/3 — | 1.0073] 0.9270 120 
p-CH,C,H, 26 4.5970%| 0.9079* 417 
tm -CH;G,H, $2 fi 4.5995 | 0.9212] T7—78 
o-CH;C, 96.7 86/8 — |- 4.6001] 0.9256] 
&2.3 110/3 | 29 
- 53 = 12 
0-O;NC,H,°* 100 68 951.5 


**The diene was prepared by heating with a 2. N solution of potassium hydroxide in methanol, 


After somé what of a search, we succeeded in working out a new and convenient method for the prepara- 
tion of @-arylbutadienes, The chloroaryloutens was added to a boiling mixture of a 3-fold amount (with respect 
to the chloroary lbutene) of powdered potassium hydroxide in dioxane. The reaction proceeded with the evolu- 
tion of beat, and further heating was not required, With 0.2 mole of the chloride, the reaction was complete 
after 10-15 minutes, The reaction conditions were sufficiently mild that there was practically no resinification 
or polymerization. The yiel+s and properties of the _avarylbutadienes prepared are given io Tables 2 and 3. 


The synthesized dienes were characterized by the prepzration of the maleic ‘anhydride addition product 
in addition to theirs physicochemical and the analytical data, 
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A NEW SYNTHESIS OF CYCLOSERINE . 


N.iz. Kochetkov, Khomutow and M.Ya. Kaspeisky 


(Presented by Academician A.N, Nesmeyanov, September 23, 1958) 


- 


The recently isolated antiblotic cycloserinc [1-3], d-4-amino-3-isoxazolidone, possesses a high anti- 
bacterial activity, and has been used successfully for the treatment of vazious forms of tubcreulosis. 


The synthesis of cycloscrine, worked out in detail by N.F. Kucherova, V.M. Solovyev and two of us [4] 
on the basis of a route proposed by other authors [5], starts with a difficultly available amino acid — serine = 
and {s a very delicate 224 many -scage process which does not allow production of the antlbiotic ia considerable - 
quantities. Such a long and complex toute from sefine to the structurally close cycloserine is explained by the 
high instability of the isoxazolidone ring and the absence of literature data on methods for the creation « ths 
3-isoxazolidons system, 


We have now developed a simpls and convenient method for the synthesis of cycloserine starting with . 
methyl] acrylate. The proposed method makes possible -the production of cycloserine on a large scale and also. 
the synthesis of its homologs and analogs, 


The synthesis can be represented as iollows: 


XCH{CHXCOOCI, = = N— OCIYCH,XCOOCH, = 


NI, 


~ H,NOCH,CHCOOCH, = 


thy X=a) Cl, b) Br 


Vv 
With respect to both the starting material (methy] acrylate instead of serine) andthe number of steps 
(5 instead of 10), the new route is indisputably preferable. If we add to these advantages the relative simplicity — 
of all operations, then it becomes clear that the proposed method has prospects of wide-spread use. 


The greatest basic difficulties are encountered during the carrying out of the first stage of the synthetis — ‘ 
the preparation of the ester of @-halo-B -isopropylideneaminooxy propionic acid (11) — and this stage is dependent 
on the selection of conditions for the selective substitution of the B-halogen of compound L These difficulties — 
are, first cf all, connected with the strong tendency toward dehydrohalogenation of esters of a,8-dihalopropionic 
acids under the influence of alkaline agents. The first attempts at the condensation of the ester of a,8-dibromo- 
propionic acid Tb with the sodium derivative of acetoxime failed; the reaction proceeded chicfly in the direc- 
tion of dehydrobromination;- and separation of compound IIb, which was the one of interest to us, from the come 
plex mixture obtained was unsuccessful. Moreover, it aust be noted that the result of the condensation of the 
ester Ib with alkaline agents is determined; obviously, by the nature of the later. Thus, for example, Wood and 
du Vigneaud [6] showed that successful substitution of a B-halogen atom by an alkoxy! radical is possible only 


F OCH,CH -- COOH = 
~ 
; 


.bromothymo] blue. After filtering off the sodium chloride and washing it with absolute ether, the combined fil- 


“wadct the influence of sodium ethylate, and even with sodium methylate the resction does not proceed in only one 


direction, 
We found that, in contrast to the methyl ester of ,8-dibromoproplonic acid, the corresponding dichloride, 
la reacts with the sodium derivative of acetoxime in methy! alcoho) mediusn with the formation of Ua. should 


be noted that, in this case, the reaction Is not unidirectional, and, along with the formation of Ila, dehydrochloria- 
ation 2ls0 occurs, 20 that the yie:d of Ila reaches only 25-30% even though its isolation is not difficult, 


For the conversion of the ester Ila to the amino acid IV, we first saponified the former into the corresponding 
acid Illa, {isolating it in the form of the ammontum salt, and then s=bjected the latter to amination while heating. 
An attempt to go directly to the amino acid IV by amination of ester Ila with Uquid ammonia at room temperature 


- led only to the amide of the chloroacid Illa. The key product in the synthesis of cycloserine — 6 -aminooxyalanine 


dihydrochloride — was obtained by treatment of amino acid 1V with hydrogen chloride in methyl alcohol. We suc- 
ceeded ia finding condition: (see Experimenta!) under which the splitting out of the isopropy dens group and ester- 
ificanca of the carboxy] group proceeded simultaneously, as a result of which the dihydrochloride V was formed 

in 50% yield. It should be noted that even with just a small deviation from the described process, the result changed 
abcuptly — either esterification proceeded with retention of the isopropylidene group, or the hydrochloride of tha 
serine ester was formed as a result of decp-seated destruction of IV. 


The conversion of the dihydrochloride V to cycloserine has been described in a previous asticle (4). At the 
present time, the method of carrying out this last stage of the synthesis has been ——— somewhat with the aim 
of simplifying isolation of cycloserine, this method giving better results. 


In conclusion, it should be noted that this synthesis route, in addition to making completely availeble cyclo- 
serine itself, is, obviously, a genera] method for the synthesis of a series of derivatives of 4-amino-3-isoxzzolidone, 
This permits us to use it for the synthesis of analogs of the natural antibloule for the purpose of smsdying the de=. 
pendence of the chemotherapeutic action on structure in this new class of compounds, © 


EXPERIMENTAL 


Methyl ester of a-chloro- B-isopropy lideneaminooxypropionic acid. A solution of the sodium derivative of 
acetoxime (from 100 m) of absolute methanol, 12 g of sodium, and 40 ¢ of acetoxime) was added, with vi 
stirring and at a temperature of 0°, to a mixture of 80 g of the methy] ester of «,8-dichloropropionic acid (7) and 
30 g of pure, dry acetoxime, and the reaction mixture was stirred at room temperature to 3 neutral reaction toward 


trates were evaporated under vacuum (S0°/20 mm). The residue was twice washed with watet to remove the oxime, 
dried over magnesium sulfate, and distilled under vacuum, the fraction boiling at 65-8S°/2-3 mm bcing collected. 
Aftes a second distillation in a column, 20-30 g of a substance boiling at 77-78°/2 mm was obtained, 


Found Je C1 18.63; 19.02; N 7.10; 9.14. Calculated C1 18.31; N 7.23. 


The substance was a colorless, mobile of] with a characteristic odor; it decomposed during storage. 


‘Fot identification, this estér was converied t© the amide. 15 g of the substance was dissolved in 100 mi of 5 
dry liquid ammonia, and the reaction mixture was allowed to stand for 12 hours at room temperature in an auto- 


clave, The ammonia was then eee and the residue was a from ether, — of amide was 
quaatitative; m.p. 91-92", 


Found Je C 40.23; 40.25; H 6.32; 6.32; C119 49; N 15.82; 15. 70. Cou ANCL Calculated % 

C 40.34; H 6,20; 20.08, 

The amide was a colorless crystalline material, difficultly soluble in water and resaly soluble fa nga 
solvents, It was stable on storage. 


@-Chicro- acid, Toa vigorously sured mixture of 20 g of the methy! 
ester of a-chloro-8 -isopcopy lidene amincoxy propionic acid and 15 m) of water was added dropwise, over a period: 


authors express thelr appreciation to N.F. Kucherova for submitung the of — 
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of 2 hours and at a temperature not excecding 20°, 25 g of 8 N sodium: hydroxide, The alkaline solution wasex- — 
tracted with ether, and the aqueous Jayer was acidified with 6.5 g of concentrated sulfuric acid and extracted 
three Umes with ether, The combined ethereal extracts were wasted with a concentrated solution of magnes.-m 
suifate, and dried over anhydrous magnesium sulfate, The cthereal solution was then saturated with dry ammonia, 
and the precipitated ammonium salt was filtered, washed with absolute ether, and vacuum dried over phosphorus 
pentoxide, The yield of ammonium salt was a 18 g (85-90% of theoretical), m.p. 98-99" (from a mixture of 
acetone and benzene). 


Found Cl 17.53; 17.72, Calculated $e Cl 17.90. 


The ammonium salt was a hygroscopic, crystalline material, readily soluble in wates, alcohol, and scetons 
and insoluble in ether and benzeas, 


-Isopropy lideneaminooxyalanine, 30 g of ammonium a-chloro-8 -isopropy lideneaminooxy propionate was 
dissolved in 150 ml of quid ammonia, 1 g of ammonium nitrate was added, and the reiction mixture was heated 
in an autoclave for § hours at a temperatuie of 75-85°, After standing for 12 hours, the ammonia was evaporated, 
50 ml of ahsulute methanol was added to the residue, and the mixture evaporated to dryness uncer vacuum. The 
dry residue was twice crystallized from 92% echanol, The yield of amino acid was 12.5-13 g (50% of panes 


Found te C 45.32; 45.22; H 7.57; 1.45; N 17.33; 17.16. Calculated C 44.98; H7.55; . 

N 17.48, 

The acid was a colorless crystalline material, — soluble in water, moderately soluble in methanol, and 
insoluble in absolute ethanol, 


 Dihy drochloride of the methy] ester of 1 g of B-isopropy ideneaminooxyalanine was 
dissolved in 15 m] of absolute methanol with heating. The reaction mixture was refluxed 1.5 hours with continuoss 
passage of a stream of dry hydrogen chloride, cooled, fikered, and the filuate evaporated under vacuum. The 
residue was crystallized from absolute ethanol The yield of dihydrochloride was 0.65 g (S0% of theoretical), m.p, 
144-146. A mixture of this materia] with a known — [4] melted without de pression of the Sete point, 


Found % C1 34.46; 34.62, Calculated fe €1 34.2, 


dl-4-Amino-3 -isoxazolidone (racemate of cycloserine). 0.4 g of the dihydrochloride of the. methy] ester of 
B-aminooxyalanine was dissolved in the minimum amount of absolute methano! with hearing, 7 ml of 31 N 
methanol soluuion of sodium hydroxide was added, and the solution heated to boiling and filiere¢ (the reaction 
medium was alkaline toward bromothymo} bive). The filtrate was acidified with a 10% methano) solution of gle- 
cial acetic acid to a weakly acid reaction toward bromothymol blue. The finely crystalline precipitate was fli- 
tered and washed with absolute methanol] and ether. The yield of cycloserine (race mate) wes 0.13 g (65% of the- 
oretical), It melted at 134-135° after recrystallization from aqueous ethanol, A mixture of this sample with a 
known sample [4] melted without depression of the melting point. The substance formed a ope silver sak, 
and gave a chery -red color with an alcoholic solution of ferric chloride, ‘ 


Found % C 35.05; 34.98; H 5.86; §.77; N 27.23; 27.15. cacuennes C 35.29; 45.9%. 
N 27.45, 
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SYNTHESIS OF ORGANOMERCYRY COMPOUNDS FROM HYDRAZONES 


Academician A.N. Nesmeyanov, O.A. Reutov and A.S. Losevs 


We have found that hydrazones of aldehydes and ketories readily react with mescutic acetate in aqueous. 


4 solution at a moderate temperature (70-90°) with the Uberation of nitrogen, mercurous salts, and metallic mere 


cury and the formation of organomercury compounds. ‘Below are described reactions of mercuric acetate with by 
drazones of cyclohexarone, acstone, camphor, o-nitrobenzaldchyda, 


and benzophenone * which frequently gave — results accordingly as the reaction was carried out in aqueors 
or bensens medium, 


The reaction of cyclohexanone hydrazone with mercurle acetate in aqueous snd (in the presence « 
Cu(CHCOO),) proceeds the equation: 
HgOCOCH, 
Z =N—NH, . 
+3 Hg (CH,COO), 
The mercurous salt is reduced to metallic mercury by an excess of the hydrazoas. 


Cyclohexenylmercury acetaie 1s not decomposed by alkalies or ammonia; in the cold, it reduces an aqueces . 
sclution of permanganate and decolorizes bromine water, The structure of the cyclohexcny mercury acetate was 


demonstrated by decomposition with hydrochloric acid and subsequent addition of mercuric acetate & the cyclo= 
hexene formed 


HO 


The resulting product of the addition of Hg(CHsCOO), to cyclohexene was identical with that described ta 


the Hterature. The act‘on of KCl, KBr, and KI on cyclohexenylmercury acetate gave cyclohexenylmercury chiorida, 


cyclohexenylmercury bromide, and cyclohexenylmercury iodide, respectively. By symmeuization of the chlorids 
with sodium stannite, dicyclohexenylmercury, a liquid boiling at 170° (10 mm), is obtained in ere ita 
converted by concentrated HC] to the or'ginal cyclohexenylmercufy chlozide. 


4-Methylcyclohexanone hydrazone reacted similarly with mercuric acetate in aqueous medium giving | 
methylcyclobexenyl acetate, which was isolated in the form of the chloride. 


Decomposition of hydrazone in aqueous medium leads to the formation of another typeal 
organomercury compound: ; 


study of the reactions of hydrazones of and with mercuric aces 
tate was carried out jointly with M.Ya, 


2 
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A tetramercury derivative of dilsopropy] ethes is formed by the reaction of acetone hydrazone with mercuric 
acetate: : 


i 


The above structure of the tetre mercury the. action of 
bromine ta, monobromoacetone and its convertion by the actioa of concentrated HC] ot sodium amalgam Sa aqueous 
medium to aceloma, 


The tetramercury derivative of eter Is formed by the sexction of camphor with mer- 


+20; + 8CH,COOH + — 


The dimercury derivative of dibory! ether is formed in a benzene medium. This compound fs converted 
by the action of alcoholic alkali to camphox, and by the action of concentrated HCI to borny] chioride. 


The hydrazones of and benzophenone react with mercuric acetate ia 
benzene to same scheme; 


+ CaCl, 
OCOCH, 


; The organcmercury compounds so obtained are aoenngendia by the action of alcoholic alkali as ammonia 
with the liberation of metallic mercury and the formation of the corresponding carbonyl compound, The organo- 


Mercury compound prepared from is extremely it is decomposed in air in the 
“course of a few minutes, 


Below are presented the organomercury qa which were synthesized by us from hydrazones: 
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Melding points and decomposition temperatures of these organomercury compounds: (1) 116-116.5°; (2) 44 
191-192"; (3) 174-175°; (4) 177-178"; (5) ofl; (6) 101-103°; (7) 167-168.5°; (8) decomposes at 50°; (9 and 10) 
decompose above 150°; (11) 145-150°; (12) decomposes above 210°; (13) ofl; (14) 153-155"; (15) 140°; (16) 
tapidly decomposes at room temperature, 


The overall mechanism of the reactions of hydrazones of alichydes and ketones with mercuric acetate 
studied by us can be represented by the following scheme: — 


First, the original hydrazone I is oxidized by the mercuric acetate to diazo compound IL The diazo com=- 
pound, decomposing with the liveration of nitrogen, gives the biradical IM, which adds s mercury acetate cation 

to form cation IV. Cation IV can undergo different reactions de pending on its structure and the reaction conditions, 
Splitting out of an a-hydrogen atom in the form of a proton Jeads to the formation of an organomercury compound 

of the unsaturate2 series V. The addition of an acctate anion, in benzene, and of a hydroxy] anion, in aqueous 

medium, gives the organcmercury derivatives VI and VII, respectively, An e-hydrogen atom in anion IV can be 


*Compound obtained by treatment of the organomercury compound formed in the reaction with KX or CaX,. 
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OCH, 


i 


teplLoed by mercury uncer the Influence of mercuric acetate, The cailon 1X thus seis can add an acetate 
anion, in benzene, o¢ hydroxyl anion, {a medium, with the formation of 
aad X1, respectively. 

of Vand X ch mala poop 


HgOCOCH, 

or less easily, depending on the nature of the tadicals attached to the central carbon atom (st times, even amine 
the influence of atmospheric moisture), with the formation of the hydroxy mercury derivatives VII and XL The 
lanes, by splitting out water from two molecules, are converted to mercury derivatives of ethers VIII and XIL 
(However, VIII and XI can also be formed by the reaction of VII with IV and of XI with 1X.) 


The reaction of Hg(CH,COO), with the hydrazones of cyclohexanone and 4-methylcyclohexanone {n aqueous 
medium proceeds through stages 1, Il, D1, IV, V; with cyclopentanone hydrazone — through stages 1, 11, DL, IV, Vi, 
VIL, VII with the hydrazones of acetone and camphor in water — through I, I, Ol, IV, 1X, X1, XII and in benzene 
medium — through stages I, Il, IM, 1V, 1X, X, XI, XM; with the hydrazones of o-nitrobenzaldehyde and benzo- 
ahenone in benzene medium — through stages I, Il, Il, IV, VL. It should be noted that {f in an aqueous medium 
the reaction is, apparently, an fonic process, then im a non-polaz solvent such as benzene it is nore probably a 
tadical mechanism, The reaction stages IlI-1V, IV-V1, IV-1X, and IX-X cited in the scheme are, in this caw, 
homolytic processts.® The reaction mechanism in benzene medium must be completely analogous to the mech- 
anism of the synthesis of @-chloroalkyl compounds of various elements by means cf diazoaliphatic compounds 
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.*The possibility is not excluded that cation IV, in aqueous medium, and the corresponding radical — CH c- 


—HgOCOCHy, in be»zene, are not formed as kinetically independent particles. It can be assumed, in that case, 
hat the final ee compounds are formed as a result of oe conversions of a substance initially 


formed from the diazo and and the grouping 


OcocH, 
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“THE ORDER OF ADDITION OF BROMINE TO ALKENYLACETYLENES 


A.A. Petrov and Yu.1. Porfisyeva . 


(Presented by Academician B.a. Arbuzov, May 28, 1956) 


Study of the reactions of vinylacetylenic hydrocarbons with hydrogen and hydrogen halides has shown that, 
independently of structure, these hydrocarbons add these materials as typical nutleophilic reagents at the acetyl-_ 
enic bond {1}. At the same me, the ordez of addition of bromine depends on the structure of the hydrocarbon, 
Vinyl acetylene adds bromine in al] three possible ways, but chiefly at the 1.4- and 1 .2-position: [2}. Under sim- : 
ilar conditions, vinylalkylacetylenes [3], isopropenylacetylene [4], and hydrocarbons with isolated double and 
triple bonds (2, 5} react with bromine to give acetylenic dibromides; the tiple bond is practically untouched. Ip 
order to clarify the reason behind these noted regularities, it was necessary to investigate the reaction with bro-. 
mine of still another type of vinylacetylenic hydiccarbon, namely, a-alkenylacetylenes, 


We carried out the synthesis of two hydrocarbons of this type — propeny! and butenylacetylens — av.-tding 
to a recently proposed scheme [6], and studied the addition of bromine to them in 1:1 ratio. The question of the 
“structure of the obtained dibromides was resolved unequivocally on the basis of a study of their chemica) proper- 
ties and infrared spectra. 


1, Under the influence of alcoholic alkali in the cold, they seadily split out 35-40% of their bromine with 
the formation of vinylacetyleaic monobromi des, 


2..On heating with H3r and Cu,Br, in ethereal solution, they gave 1,3-dienic dibromides which were un- 
stable toward alcoholic alkali and in the infrared spectra of which were wel] developed absorption bands charac 
térisuic.of 1,3-diene systems (Figure 1, b, peopenylacetylene dibromide 6.06 and 6.40 while the bands. charac- 
terisuc of the acetylenic bond and of allenic systems were almost completely absent, 


3. When acted upon by an ammontace] solution of silver outga, any slowly gave a slight precipitate con- 
sisting mainly of 


4, In’ the infrared spectra of the original dibronddes, there was an intense absorption band at 5.09 g, which ~ 
is characteristic-only of allenic compounds [7}, and also two frequencies in the, region 6-6.5 y (about 6.06 and - 
6.40 y), which are characteristic of 1,3-dienic halogen derivatives (8}. The absorption bands in the regions of 


about 3 y and 4.3-4.8 w, corresponding to acetylenic groupings [7], were not observed in the — of the die ~ 
bromides (Figures 1, a and 1, d). 


For comparison, transmission curves for the dibromides of vinylethylacetylene (Figure 1, f) and hieumias 
acetylene (Figure 1, ¢), which have an acetylenic grouping, are presented in the figure. 


Thus, it was established that, during bromination of alkenylacetylenes, there is formed.a mixture of allenic 
(predo:ninately) and 1,3-dienic dibromides (II) without the admixture of ed een amouas of the third cat 
sible isomer (III). 


On Schatoggnation of the allenic dibromides of propeny lavcty lene, the formation of several isomeric mono- . 
‘bromovinylacety-aes would be expected. It was shown previously that vinylacctylene is forined by the dehalo- 
§<nation of 4-cl:Joro-1,2-butadiene [9], and 1-brome-3-butene-1-yne is formed by dehalogenation of the 1,4- 
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Fig. 1. Dibromide twarsmission curves: a) 
propenylacetylene dibromide (3-5.25 
with LIF prism, 0.1 mm cell thickness; reo 
mainder with NaC} prism, 0.25 mm cell 


thickness); b) 1,2-dibromo-1,3-pentadiene 


(3-5.2 » with LIF prism, remainder with 
NaCi prism, 0.1 mm cell thickness}; ¢) 
vinylacetylene monobromide (same con- 
diticas); d) butenylacetylene dibromide 
(NaCl prism, 0.1-:nm cell tiickness); e) 
Ssopropeny lacetylene dibromide (NaCl 
prism, 0.25 mm cell thickness}; fh 
ethylacetylene dibromide (NaCI prism, 0.1 
mm cell thickness), 


dibromide of vinylacetylene [2}. On the basis of these data, 
1-bromo-3 -butenc -1-yne would be considersd the most probe - 
able reaction product. Actually, in the infrared spectrum ef 

the substance obtained by dehalogenation of propenylacetylene 
dibromide there was observed an intense band characteristic of 


di-substituted acetylenes (4.52 and a frequency corresponding 


to a double bond not substituted with bromine (6.13 py). The 
frequencies associated with a terminal acetylenic grouping: 
(3.03 yw) and an allenic system (5.10 were very weakly exe 
pressed (Figure 1, c). 

Thus, it can be concluded that dehalogenstion of allenic 
dibromides of Type I proceeds with the formation of a bromo- 
acetylene with a vinyl grouping of formula = 
=CH—R as the basic product, The other possible isomers are 
present only as minor impurities, 


The results permit summing up of our investigations in 
the field of the reactions of bromine with vinylacotylente hy- 


It was established that a double Load jn systems with fs0- 
lated multiple bonds is more reactive than a tiple innd, Ina 
conjugated 1,3-enyne system, predominance of 1,4-addition of 
the bromine with the initial attack at the triple bond appean - 
to be possible, and this is apparently accompanied by partial 
isomerization of the 1,4-dibromide to the 1,2-dibromide, This 
possibility is realized only in the case of vinylacetylene aud 
alkenylacetylenes of sormal structure, Vinylalkyl- and isoal- 
kénylacetylenes a add bromine peimasily at the double bord; Ls., 
they act Uke compounds with isolated muluple bonds. 


These regularities in the orientation of the bromine matte 
cule at the moment of addition of vinylacetylenic hydrocarbons 
are essentially contained in the overall concept of the theory of 
electronic shiits. It can be assumed that in the molecules of 
lalkyl- and isopiopenylacetylenes, the radicals cause a 
shift in the electron cloud in the direction of the ethylenic bond 
in the molecules of vinylacetylene and in the direction of the 
acetylenic bond in molecules of alkenylacetylenes. Thiscir- - 
cumstance could be the cause of the addition of bromine at the 
ethylenic bond in hydrocarbons of the first type and in the 1,4- 
positions with {initial attack at the acetylenic bond and with 
fixing of the second bromine atom in the 4-position in hydro- 
carbons of te second type. 


The existence of electronic “hifts in molecules of vinylacetylenes in conformity with the above assumption 
is confirmed by measuremens of interatomic distances (vinylacetylenes ~ contracted bond sC-C =; viny methyl 
acetylene — contacted bonds ee and -C-C=) 01) and also by the infrared spectra nz) 


EXPERIMENTAL 


Bromination of (3-pentene-1-yne). By vacuum ‘distillation of the mixture ob- 


tained by the action of 21.8 g of promine in 30 ml of chloroform on a solution of 13.2 g of propenylacetylene (b.p. 
46.5-47.5°, 1.4348) in 100 ml of chloroform with stirring and cooling to there was 26 g 


of and 4:3 g of residue, b.p, 66-76° mm), 
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Found %e Br 70.62; 70,82, Cylijfrs. Calculated $e Br 70,74, 


By the action, in the cold and over posted, af 90 sat of 
on 9-g of the dibromide there was obtained 2g of bromine, which comprised 32% of that available in the di- 


} bromide, (Oni treatment of other tampics of the dibromide under the same conditions, 32% of the bromine went 


into solution.) Dilution of the mixture gave an of].which, after washing with CaCl, solution and drying, was vacuum 


distilled, ~1.6 of propenylbromencety lene was obtained, 45-47 (40 mm), 1.3785, 


Found Br 54.61; 54.44, Calculated $e Br $5.11. 


On heating 8.2 g of the dibromide with 6 g of Cu,Bry, 15 mnie concentrated HBr, and 39 ml of ether for § 
hours, 5 g of 1,2-dibromo-1,3 was obtained, B.p. 60-62 (10 mm), 1.8079, 1.5670, 


Found-4e Br'71.08; 71.14, Calculated $e Br 70.74, 


Splitting out of bromine was not observed when the dibromide was treated with alcoholic KOH ender the 


| previously described conditions. 


Bromination of (3-hexene-1-yne}. By the action of 7 g of ia 20 ml of 


4 on a solution of 6.1 g of batenylacetyJene (b.p. 72-74", op 1.4381) in 200 ml of chloroform, 8 g of dbromides and 
2 g of residue were obtained. B.p, 85-95" (10 com), 1.6851, 1.5650, 


Found 4e Br 66.43; 66.29. CyHBtq. Calculated Ye Br 66.61, 


After mixture of 0.5 g of the dibromide with » solution of 0.2-g of KOH 1a 10-ml of methyl alcohol bad 


: stood for 2 hours, about 42% of the bromine available in the dibrom!de _— had passed into solution. - 
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pert. of the methylene group with simultaneous sulfonation in the 4,4°-positioas [7], Under these conditions there ts 


SULFONATION OF DiPHENYLMETHANE 


_V.S. Etlis G.A. Razsvsew 


(Prevennsd by Academician AN. Nesmeyanow, May 16, 1956) 


It has been found that a substance having yellow color in solton ts formed ta the suVonstion of 
diphenylme thane (1) by highly concentrated oleum, 


The action of sulfuric acid on (1) has been comparatively stwadied. 4.4*-Dipheny ine thanedisullonie 
acid, !solated as the salt, has been prepared by the action of a large excess of fuming sulfuric acid on (Fp [1, 2}. c 
In other cases , a mixture of isomeric sulfonic acids has been obtained, he structures of which were not determined 
[3}. DiphenyImethanemonosulfonic acid and, in small amounu, dipbeaykmethane<9-sulfone have becn obtained 
by the action of chlorosulfonic acid on (1) [4, SL 


The alm ofthe pecsent work wat to avestgate the colored compound chtalned andthe conditions unde 
which it is formed, 


Assuming that oxidation of the hydrogens of the- -methylene group occurred along with sulfonation, we in- 
vestigated the sulfonation of the following series of compounds under the same conditions: diphenylmethans, 1,l- 
dipheny lethane (II), triphenylmethane (II), and 2,2-diphenylpropane (IV). it was established by the investigation 
: that the colored substance Is also obtained in the case of (11) and (IIT) but not in the case of (IV). This indicates 
“J that formatios of the dye requires an unsubstituted hydrogen on the aS phatic portion of the hydrocarbon. Whea 
Fa the sulfonation {is carried out in the presence of a large excess of SO,, the formation of a cyclic sulfone would be . 
4 «expected (5, 6}. In the action of 60% oleum on (1) with cooling, there proceeds, as was established by us, oxidation 


formed a small amount of the colored substance, which could be detecied by the color of the alka lized solution - 
of sulfonation product. However, it was not possible to isolate this substance, If the 4,4°-benzhy droldisulfonie 
acid is reacted with a new portion of oleum at 150-160", the colored substance {s obtained in quantitative yield, 
and its aniline salt, which crystallizes excellently ia the form of necdics, is totaily different from the aniline salt 
of the origins! sulfonic acid. Thes, the process of the action of” 60% oleum represented as follows: 


svi 


The structure of “ was shown in the following way. From the salfcnation of (1) with chiorosulfonte acid ia 
CHCl, dipheny]-o-sulfone was isolatcd, which was treated with concentrated H,SO,. The sulfone sulfonated 
smoothly at 40°; however, the dye was not formed. W.sn the same sulfone was ucated with concentated H,SO,, 
the formation of the dyc could be detected, Proceeding from this experiment, we oxidized the suifone with 
PRLCH;COO, in CH;COOH, which resultcd in the formation of a dye which was insoluble in water, but soluble in 
alcohol, The absorption spectra of this oxidized sulfone in alkaline solution and of the dye st by the direct 
sulfonation of (I), also in alkaline solution, were similar (see Figure 1}. 


with CrO, ‘in led to the formation res a 


- 


460-1 
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the ketone obtained was not colored, The structure 
presented above for the dye was demonstrated by us by 
sulfonation of a inixture of oriho- and para ~dichloro 
substituted dipheny linethanes under the Indicated con- 
ditions, Tho mixture of dichlorodiphcnylmethanes was 
prepared by the rcaction of chlorobenzene with 
- dichlorodimethy] ether in the presence of aluminem 
chiorids according to a previously described method 
{7}. It was not possible to separate the mixtuse of iso- 
mers by distillation. When such a mixture was acted 
on by 20% oleum in the cold and the sulfonation pro- 
duct poured into water, a substance was obtained which 
was insoluble in water, which crystallized well from 
hot alcohol, and which possessed indicator properties: 
in alcoholic alkaline solution it was yellow; te color 
disappeared on acidification. A similar change c 
with the substance which was soluble in water, he- 
Fig. 1. Absorption spectra of alkaline solutions of the —coriling to chlorine, sulfur, and hydroxy] content, the 
aniline salt of (V) (0.2 g in 100 ml.of solution, p12) = cbtained substance corresponded to the formuls 
and of (VII) (0.1 g in 100 ml of an alcoholic solution CyHyCh 0,5. ™ th structure can be assigned 
of ¥20H, pH 12). to tt 


The 4 and 4° posicions are occupied by chlonines; therefore, sulfonation of this isomer cannot proceed, By 
the continued action of oleum on the indicated compound sulfonation tskes place, and the substance becomes 
soluble fn water, 


The substance isolated possessed indicator properties; the pH range was 11.5-12.S,. The aniline salt of the 
4,4°-disulfonic acid of benzhyd:ol-o-sulfone is soluble in water and aqueous alcohol, Toe sulfonic acid crystal- 
lizesas needles with 4 molecules of water of crystallization; it is very hygroscopic, The neutralization equiva- 
leat of the aniline salt is 295; for CpgH.,N,O,S, calculated 296. This compound has a number of notable propere 
ties: a) in a strongly alkaline medium in the presence of air or small amounts of HO, the color changes from 
yellow t an iniense green which, after some time, gives way again to yellow;* b) the hydroxy group is not bene 
zoy lated by benZoy] chloride nor methylated by (CH,),SO, in alkr line medium; ¢) only the hydrogens of the 
fonic acid groups react with diazonezhane, as a result of which sbtained the dimethyl] ester of the sulfonie 
acid; d) this compound readily combines with diazonium salts to form diazo dyes ein indicator or 
— yellow in neutral and acid media, and red in alkaline, 


The enumerated properties of the synthesized compound can be explained by — the formation “i e 
mew chromophore group of the particulas ‘pe 


Such a change is not observed with the dcrivatives of q@) and can this indicates that for this conversion one 
atoin of hydrogen is 5 
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°T.p. = C.B. Translation pagination. 


‘The $ atom joined to the aromatic nucleus has a positive charge owing to the semipoler bond with oxygen. 
On the other hand, tie C-Oii group ts im the ortho-position. In alkaline medium, it can do converted to the 
anioa -c-ar. The negative charge of the oxygen partially transfers to the C atom, 


Thus, the benzcne nucleus has positively and negatively charged atoms in the o-position, which can cause 
a quinoid-like polarization of the aromatic nec This explanation can serve only 2 at 8 working hypothesis, and 


gequircs furthsr experimental study. 
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B-TRIETHYLBORAZOLE 


A.F. Zhigach, £.8. Kazakovs snd £.S. Krongaus 


(Presented by ALN. Nesucyanov, May 39, 1956) 


Iborazoles with radicals on the boron atoms have not been reported In the Mtcrature. Schlesinger et 
al{l) synthesized B-trinecthy Iborazole in adinixturc with B-imono- and B-dimethy Iborazoles by the action of am- 
monia on methyldiborane at 180-200", Later, Wiberg et carried out the synthesis of B-trimethyIborazole by 
heating an equimolar mixturc of afmmonia and uimethylboron at 320-340°. For the prepazauon of triethylborazols 
we sclected for study the thermal decomposition of ticthyIborainine according to the equation 


Hs NH 
C,H,)B (GH) 


3B (Cl 


The best yield (80%) was obtained at 440-450", the reaction being carried out in an autoclave at a pressuse 
of up to 30 atm. Lower and highcr boiling products, a mixture of other ethyl derivatives of burazole, were ob- 


tained along with the triethyJborazole, The eas emer ce was Isolated in a pere form by vacuum distillation, 
and was stucied, 


EXPERIMENTAL 


Preparation of tricthylboramine. The triethyYboramine was prepared by passing ammonia into liquid tiethyl- 
boron [3]. The triethylboron was saturated with ammonia, to a 1:1 mole ratio, which resulied in a viscous, tam- 


parent liquid having the consistency of glycerin, The product was distilled at GS°/26 mm. Pure triethylboramins 
condensed in the receiver. 


Preparation of wiethylhorazole, 120 g of tiethylIboramine was put into . 2 clean 2.5 Liter autocizve which 
had been carefully purged with dry nitrogen. Aftcr closing the cover, the autoclave was pressured with dry hydro- 
gen which was sudscquently discharged through a valve, and the heater was turned on. The autoclave was gradual- 


ly heated over a period of 5 hours and 30 minutes to » temperature of 450°; owing to the liLerated gases, the pres- 


sure increased and reached 50 atm at the end of the experiment. After reaching constant pressure, the heater was 
twmed off, and the autoclave cooled with water to 18-20, the pressure falling to 18-20 atm. The gaseous products. 
were gradually discharged from the cooled autoclave through a valve until atmospheric pressure was reached in the 
autoclave, the autoclave was purged with a smal} amount of nitrogen, and the contents were shen discharged. 46 g 
of raw product was obtaincd, which corresponded to a yield of 80%, 

Heating the autoclave at tempcratures above or below 420-450" led toa significant decrease in the yield oa 


uicthylborazole, A non-hermetic autoclave or Jeakage of pressure through the valve during heating also a 
lowered the yield of wiethyIborazole, 


The raw product was a dark-colored, mobile Hquid with an ammoniacal odor and considerable opalescence - 
and behaved like the pure product in afg, . 


According to reaction (1), complcte decomposition of the tricthy horamine should yield SO Uters of ethane 
and develop a pressure of 20,8 aun at 18°, which was actually observed, 


. 


Found $e 19.0; 19.5; N 24.95 25.1; C 44.5 $1 10.69; 10,90, Se 
B 19,72; N 25.5; 43.76; 11,02, 


ft can be assand that the raw product comalned small amounts of the starting borazole, and 
di-, and bexactly Jhorazoles, 


Properties of tricthy fhorazole. te is a mohils at room vaporizing in ale 
without lcaving a residue. 0. 866; viscosity 1.48 ccaustokes; m.p. about 54°. 


It docs at react with water at room ceimperature, It is completely hydrolyzed by protracted boiling with 
0.5 N hydrochloric acid. On heating to 100° at normal pressure, it begins to decoinpose with the Uberation of 
gaseous products. It is readily soluble in benzene, ether, methy! and cthyl alcohols, and acetona, 
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The raw was vacua distilled at 7-8 nun, amd 31.4 g, wa of ™ af thoure 
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THE CHEMICAL COMPOSITION OF SHALE KEROGEN 


Kasstochkia and O.3. Zilberbrand 


(Mresemed by Academician V.A, Kargin, June 12, 1956) 


The question of the chemical and constitution of the organic material of oi! shakes still remalus opca, 
The exchusive surmiscs of tic chemical constitution of shale kerogen proposed by various authors cannos, 
im many cases, find confirmation in chemical mejhods of investigation, Thus, fos cxsinple, the concept proposed 
by Stadnikev {1} of the chemical nature of dee organic matcrial in saprope lites as an aggic gate, of substanecs 
ate the vatlegated products of condensation of hydrvardmatic rings with aliphauc chains is conuary © the faces 
known from a series of chemical investigations [2-61 Canclusians as to the non-aromatic eaturc of shale kerogen, 
which ase based on the abscace of the prewnce in sinall amounts of aromatic derivatives in the oxidation products 
of kerogen [7, 8], appeared w he unconvincing after it was shown that these products were sot formed vader the 
_ same Conditions of evidation as a scric substances known to be of an annnati¢ natmc [9, 10} The scsuls of 
cheniical investigations uncqui vocally show that die matezial in shales is¢clated to the class of high mole- 
substanocs, 


In the present work, with the aim of ohtaining plhenidnten. on the structure of the kerogen material in shah: 
under conditions which preserve its chemical identity, aa X-tay ee and a study of the absorption -. 
of kerogen were canted out, bd 


TABLE 1 
Provimate and Elemental Compnsitioa of the Original Shales 
Shale w ac nwt if 2 mincraliza 
A 
Esthonian 0,5 0.20 2.60 14.9 4.58 ASS 
General hog. 14.07 | 3223 10,27 | 9,68 5.22 10,16 


In Table are presented the characicristics of the lerogens studied, which were demineralized by arcatnwat 
with hydrochlatic and hydrofluoric acids, 


The radiograms were taken with filtered iron radiation in cylinddcal cameras, Recording of the ahaxpilon 
specita curves was hy me ons of an IKS-11 infrared spectrouwter and a double infrarcd spectrophotometer of 
the PLN, Lebedev Miysics Instituic, Academy of Sciences USSR 


The samples for spectral investigation in the appropriate regions of the specirum were prepared iu the dies. 
of fine powder pastes with paraffin of} apd a mineral oi) which was a tetraflmerocthylene polymer having an Indes 
of refraction of a= 1.6. Spectra in the regioa of up to 4 p were obtained with an LiF prism, while thos. in the 
hp te were obtained with aa NoCl prism, The diffraction pictures of th: shale kerogen were 
charaeterlaed by two inicral and extemal Interference bands of the type. One of them, which very 
Conte w 3 of A, and could be relited to intermolecular inicrfercuce in a 


* The spucteal curves Urs: beam were obtained by AJA, Shubin the 
GS, Landsberg laboratey of the PLN, Lebedev thysics Instimte, Acadcmy of Schenevs LISS, 


‘ 
a 
a 


with packed chatos, The rulatively low intensity of the hachgrovad in the replon of smal) 
and the half-width of this haad chatacterizes the bigh degree of regularity af the kerne 
material, The other, low intendty, haad can he Lated to intramolocniar interference, aud character 
the average perled fa the kerogen A. 


TABLE 
Wave horigth intensity of absorption band 
in p Esthonian Volga 
3.0 OH assoc, av. av. 
= Cll aromatic - - 
2,40-2,42 | Clk-CH- st. str. 
3.5- av. av. 
5.98 C = O conjng. st. ser. 
Arom. rings with aliph. substi, 
1.08 Cli, (shifted ia long w. es direction) av. av. 
- 
&0 C—O phenols, arorn, ethers - av. 
&6 C—O sliph. ethess i av.. 
9.2 ’ | C-O cye. cthers and tert, alcohols av. av. 
2.7 C—O arom, ethers av. 
Cl, in oxygen-contg. chains av. 
114 
11.2 Cond. arom, rings ome - 


g 
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SATE Mp LUNESET ETON RINE 
Fig. 1. Infrared absorption ‘of shales: 3) Esthonian, Fig. 2. infrared absorpuon spectra of heated shales: 


b) general bog, Tan ; a) Esthonian, b) gencral bog. 


The x-ray data are evidence of the presence of rather tong, mobile segments in the kerogen macromolecuks, 
the paching wae of which defines the character of the x-tay interference picture inspected, 


igures 1b are presented the absorption spectr= Curves for both of the of shake 


In Tabic 2 are the frequencies and probable juterprctatioa of the bands in 
the spectra of the of Esthouan and Volga shales 
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they ter de tes of abwerption hands comespnding to both valenco and doe 
oof and whieh wrves as evidence of te abwnee of of the 


in of these proupe in the of a, Abuuption hands corresponding to the Cit, 


appeat, however, the spectra af af to light thermal cracking, In Figures 2a 
and ate presented the abauption spectra curves taken with thin layers prepared by melting by rapid heating of 
kerogen powder frou Estonian and Volga dishes directly ow the salt plate, 


The whservations confit the assumed abscace in the stew ture of kerogen of terndnad groaps, Clty, 
and serve as clfective experimental evidence In-suppurt of the macromolecular sigucture of the orgaiic maitcrial 
of shales, A setics of absorption bands jn the spect reveals the aromatic mature of the organic material of the 
shibes, To this scrics hebongs, first of all, the 6.25 y hand, which conesponds to C = C vibrations ta atomic 
with amjugated duble bonds, This band is obscrved in all of the shale samples sindicd, The prcscnes 
of the 6.65 hand, which is usttally altcibuted to vibrations in aromatic rings with aliphauc subsilments, is char- 
of the spectrum of from Esthontan shales, This hand not observed in the spectrum of kerogen 
fom Volga shales; however, it appears in the spectra of rapidly heated samples of kerogen from Volga shales 
(Figure “thy, His possible that the cmergence vf this band is gonnccted with the observed relatively better resobee 
tion of bands in the spectra of the melicd heregen samples, in the spectra of kerogen both Eshonian and 
Volga shakes the 3.2% abworption baad, which corresponds to valence vibrations of in aromatic pouring, 
is mnt olsenved; this is direct evideace of a high degce of substitution of the hydrogen in aromatic rings, The 
presence in the spectra of the 6.65 p absorption hand indicates that among the substitucuts on the aromatic rings 
there are ake aliphatic radical, From the absence of absorption bands in the region 12.0 to 13.5 p it can be 
concluded that condcased aromatic groupings arc mt present in appreciable quantitics in the structure of the keroe 
of the samples studied, A larpe amount of methylene groups is included fn the strucuse of the keroges 
material from the shales; this is indicated by the presence in the specua of abvewption hands at 3,42 and 3.50 gp, 
which corcspond to C- valence vibrations in Cll, groups, cud also of bands currespouding to deformation vibra- 


tion of C11 at 7.02, 11.7, and 13.9 Absorption bands at 11,7 and 13.9 for the Volga shakes appear orily ia 
the spectra of the huated samples (Figure 2b). The presence the spectrum of the 12.9 g baad, which cwses-, 


ponds to skek:tal vibration of a cachon chain, indicates that there are in the kerogen sumcture chains of nicthylene 
Oa the other hand, the shift toward longer wave length of the 7.02 Cit, deformation vibrauions and alo 
the presence ia the spectrum of an intense band at 11.7 g characterizes the presence In the kermgen suucture of 
eae chains including a large amount of oxygen, The similar manifestation of Ctl, groups in the spectrum 
of polyvluy] is confirmation of this, The oxygcen-containing atone groupings In the kerogen structure 
appear in the spectrum as a serics of shsorption bands, It aust be pointed out that a study of the hydroxy! groups 
is attended by the difficulty in renewing the water coupled with changes in the herogen material during dis pro- 
cess, An intene hand at 4.45 pg, corresponding to carbonyl group C = © vibrations, stands out in the spectrum of 
the shake Keregen, The oomsdderable shift of this hind toward the long wave length region with respect wo its nare 
inal pesition (3.85 p) can-he attributed to conjugation of the double bend of the carbony! with the double bonds 
in stomatic cings, 1 follows froin this that die carbony! group is directly joined to the aromatic ring, in 
the form of aryT ketones of as Carhoxy ls of aromatic acids of their esters, 


In eeder to clarify the matter of the carboxyl content of the material, samples of kerogen were treated with 

and the spectra of the treated samples were obtained (Figure The disappearance of the 5.95 band 

o 
for the Volga shales (Figure 3b) Is connected with the conversion of the cy group to the jonic form 

ticney, ft can be concluded thst, in contrast to the Eahonian shales, in the kerogen frow the Volga shales the care 
is contained primarily in carbovy! groups, The spectra of the treated samples of Esthonian shales do 
net differ essentially from the original in the deuble bond region (Figure Ja). Upon treatment of the samples of 


Stakes with a solution of hydroctione acid, the 9.95 p carbonyl hand agaia appears (Figure 3c), 


The absorption in the region, which corresponds to C—O vibrations in various atomic 
is very characteristic of infned spectra of shale kerepens, Broad abwaption hands at 8.6, 9.2, and 
tend ont over the intense overall alorpiion background In this region, is possible that the broadening 
Of the honda, as well as the prescuce of aw overall background in this region of the spectram, is connected with 
the of oxygen-containing atomde yroupings inching the C—O bond, ‘The abserption hand 31 9,7 
the C- vibration in aromatic ether yroupings, The y bund can be attributed to cther groupings 
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fa aliphatic and the y hand can be ate 


e tributed to cthers of tertiary alonhols, 
Examination of the tnitated aberption spoctra 

and radteys anes af samphes of shake: 

=> feads to the conchesion that tha 

of a chemical combinative of subsiinuecd _ 

atomatics with aliphatic chains of methylene pooups, 

_ Including a large amount of oxygen and, possibly, other 
hctero atoms in a single inacromolccular structure, te 


addition to aliphadc radicals, tre subitiments may abo 
Fig. Ahweption spoctsa ad diak: a) Es- comprise carbonyl, lrydroxyl, and, possibly, othor 
thealan with h) pcucral bog with groups, for example, sulfur-cuntaining groups, 
©) geacral bog with with whsoyucm. 
with 
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NITRATION OF PERFLUOROOLEFINS WITH NITROGEN DIOXIDE 


Academician I.L. Kaunyants aad A.V. Fokia 


As is well known, the majority uf reactions of perfluoraotefins with nucleuphilic compounds are fonic, the 
initial stage of which is considered to be an attack by the anion of the nucleophilic reagent. Confirmation of 
this fs to be found in the requirensént of alkaline catalysis of the addition to {Juoroolcfins uf substances having 
weakly expressed nucleophilic prupertics [1-4} ‘The urique character of the of pesfivoroolefins explains 
the difficulty of the addition of electrophilic reagents to them, 


Asa tule, perfluoroolcfins react far more difficultly with electrophilic teapents than do ordinary olefins. 
Owing to the encrgctics involved, including the difficulty of tonic intcractdion between two electrophilic systems, 
homologous decomposition is a more typical reaction for pcrfluoroolefins. Actually, numerous reactions of fluoro- 
olefins with halides, hydrohalogea acids, halogenaicd and, especially, perfjuorinatcd iodoalkanes, nitroso- and 
nitroba lides, and other reagents xoceed by a radical mechnism and require a supply of energy for homolytic 
cleavage of the reagents and for surmiounting the energy barrier, the energy being supplied in the form of heat, 
uluraviolct light, or catalytically acting additives, for example, peroxide compounds or other initiators of radical 
processes. In accordance with this, perfluoroolefins must react comparatively easily with agents which easily form 
radicals and, particularly, with radical-like molecules, From this point of view, the ee of the behavior of 
perfluoroolefins toward nitogen dioxide is of interest, 


Coffman and co-workers, in 1949, and Haszeldine, in 1953, reported that £.3-tideetinentiiiontnen 
and 1,2-dinitrotetrafluorocthane, res cuvely, are formed by the reaction of uifluorochlorocthy kene and tetra 
fiuorcethylene with nitrogen dioxide [6, 7} Apparently, the lack of well-organized experiments or the specificity 
of the reaction ccnditions did not permit the authors of these papers to notice a number of other interesting pro- 
ducts formed or to study these reactions, The reactions of other perfluoroolefins with N,O, were not ee by 
them. 


Investigating the nitration of perfluoroolefins with nitrogen dioxide,we estahlished that the process proceeds 
more complexly, that it depends to a considerable extent on the nature of the perfluorcolefin avaqived in the re- 
action, and that {t leads to the formation of interesting material. In accordance with Contemporary theary, si- 
trogen dioxide dissociates in non-polar solvents or in the gas phase with the formation of radical-like NO, mole- 
cules, oa which the electron density can be concentrated on both the nitrogen atom and one of the oxygen atoms, 
Therefore, aitration would logically be expected to yield nitroperfluoroa lky Initrites along with the 1,2-diniuo 
compounds. It developed that tetrafluoroethy lene reacts expiosively with nitrogen dioxide in a closed space. A 
controlled reaction couid be carried out in a medium of chloroform, difluorochloromethsne, carbon tetrachioride, 
2ud dichlorotetrafluorccihane; with these solvcats, B-nitroperfluoroethy] nitrite was a basic product along with 
1,2-dinitrotetrafluoroethane. Moreover, a mixture of a products of the telomerization of tetrafluoro- 


ethylene was formed in sma‘] amount: 
NO, — CF, — CF, — ONO 
— CFs — 


CF, = 


The total yield of basic reaction products was about 90% with a rauo of dinitro compound to nitronitrite of 
1:1, The selection of the non-polar solvent was not — in the overall ang of reaction poke, and did 


not appreciably - 


: 


3 


Im the wltration af lune polar solvent, fee example the overall yield of 
nltratiog peshects is Hy at ed Has compound, Daring the altration with 
af lone and the the ww of sovere conditiuns 
and the abcace of a solvent lone nitrated at aad at Interesting 
ote that dering the witration of was the only product 
of thd tesction (mere than yleld), inapprociabk: quantities of 1,2 -dinitroped wero furmed, 
By at temperatorys abows 100°, the yleld of 1 was lacreased 
w the case of leony, thd mala reactiog products are 1,2-diul trope and 
8 -nitropcti alirite (ia equal : 


The nitration of with altroges diosids can be cartied out in a comparatively nas- 
tow range. Below 130-140" the roactlon ducts wot gu, and above 160° the scaction mixture explodes, 
The reaction and the dinitdic of Thus it was 
shown that perflucroul -fins — lene, perihwropropy kac, aod react with al< 
divaide with varying degrees of caw with the formatioa of and 
nitrites, 


The change ia clectrophilic character in the series thelr reactivity with respect 
to donut reagents; the rate and conditions of reaction with alcchols and amiacs make it are 
range the in. the following 


CF, = CF, < CF, — CF mcr 7 


ia which tetraflucrocthy lene is the most electrophilic reagemt. As is well known, tcacts with 
alcolwls and thiols in the presence of an alkaline catalyst at a temperature uf about 100° walle perfluorolsobuty- 
lene undeigocs these sapre reactions in the cold and without a Catalyst. pr : 


The reverse order of reactivity can be postulated for the reaction with the clectrophilic nitrogen dioxide 
molecule, Indeed, the most reactive reagent with respect to Nz, was tho first nwmber of the scries — tctraflucro- 
curylene. On going from tctrafluorocthy lene to perfluoropropylene and the higher perfluoroolefins, the nitration 
reaction becoines more difficult. In ‘accordance with the experimental data, porfluoroolcfins can be arranged ta 
the following scries with respect to reactivity with altrogea dioxide: — 


CF, 


The conditions under which the nitration of perfluorooiefins is accomplished, the nawre of the products ohtained, 
and a number of other facts hear witness to the radical mechanism of this reaction. The absence of acceleration 
and, in certain cases, the decrease in yicld of nitration products and even the cessation of the reaction with the 
addition to the reaction mixture of strong acids, H,SQ,, AIC, HF, and other substances instrumental in the form- 
ation of the nitronium cation, in any case indicates the subcrdinate role of heterolytic processes in these reactions. 
The formation of nitroso compounds and the nitrogen dioxide -initiated telomerization of Te ee are 
superfluous confirmation of the radical mechanism of the reaction, 


In a number of cases, particularly in the nitration of fluoroolefins in the absence of a solvent, a radical - 
chain reaction develops keading to an explosive reaction. The chain reactions kcading to the explosion apparcatl 
include also disproportionauion reactions forming carbon teraflvoride, nitrogen, and carbon dioxide. 


The reaction of fluoroolefins with niuogen diqxide can be depicted approxiinatwly as follows: the radical- 
like ch:ctrophilic NO, molecule, which is presen: 'n the rcaction mixture owing to the dissociation of the dimer 
Nz, adds to “he double bond (in the case of an unsymmewical fluorvolefin it adds at the site cf the greatest cle 
tron density) forming therehy a nitroperfluoros lky! eons which reacts with another NO, inolecule of with a nwle 


cule of the dimer: 
CF,—CP = +-NO,— CF,—CF 


CF, — CF (NO,) CF, — NO, 
—CF(NO - CF, +°N 


| 
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TAULE 4 


“te 

ONCE, - NO, 37-4] 1.022 cum 8.4} 13.6 | 43.0 
17) | 29.6 | 23.6 | 13.6 | $2.0 
CF, 4.057 | 45.9 | 47.01 
CF) ONO 48 | 4.508 | 152.4] | - 
OF CP, 62/100 | 1.7721 | 4.3640 | 45.3 | 44.5 | 11.0 | 


amd 


in this process, the sccond nltrogen dioxide molecule can add with the formativa of G-N or a C—O hoad emu- 
Pleting the formation of the of the B -nitroperfluoroa mitcite, 


Owlig to the high strength of the fusrine-carbon bond and the increased stability of compounds containing 
several atoms of fluorine on 3 carbon atom, the nivation products of flucroolcfins arc not changed in the reaction 
sphere and, in the absence of moisture, are recovered unchanged. 1,2-dinitroperfluoroatkancs are stable, water- 
insoluble, colorkess liquids possessing a sharp, specific oder, 6 nluites, in coatrast to their 
hydrocaroon analogs, are very stible, but very reactive compounds, Thus, 8 -nivoperfloorocthy! nitrite ( a Uyuid 
boiling at ¢17°) ds easily isolaicd from the reaction mixtusc by disti}ladoa, and stores in sealed ampoules for a 
long time without change. 


in the case of perfluorook:fins of asymmetrical structure, perflucropropy iene for example, there arc two 
possibilidcs for the addition of niuogen dioxide which lead to the formation of 
CF, — CF — CF; ono | CF, CF — CF, — NO, 


The reaction of the nitruperfluoropropy! nitrite having the structure I with water should lead to the formation of 
e-nitroperfluoropropionic acid, HL, while the formation of niuoperiluoroacetone, 1V, wuld be expected as a ro- 
sult of this same re action with structure ff 


CF,—CF—COOH - CF, —C—CF,NO, 
The formation of @-nitroperfluoropropionic acid by hydrolysis of nitroperfluropropy] nitrite confirms the amount of 
addition of the nitro and nitrite groups to perflucropropylene; the nitro group adus to the central carbon atom 


which contains the Jeast number of fluorine atoms. As would be cxpected, the order of addition is the reverse of © 
that for unsubstiuited propylene, to which the nitro group adds to the terminal carboe atom, 


Of the three isomedi¢ octaflnorobutylenes, perfluoroisoduty lene is the most polar and clectrophilic. These 
properties are explained By its structure and confirne'd by its chemical behavior, The accumulation of 
methyl groups keads to case of attack by a nucicophilic reagent on the carbon atom bonded to two atonss of for 
‘ine. In addidon, reaction with the clectrophilic, radical-like NO, mokcculc is greatly hampered, 


The nitration reaction is carricd out without a so}vent, and procecds smootly only at 170-180", Two main 
products arc formed in the reaction: and 6 nlite; these 
seta a are formed in approximately cqeal amounts and in a total yield of about 90%, 


The order of addition of the niue and niite groups in this case was established hy - conversion of the 
B-nitroperf luoroisobuty! altrite to 8 -nitro-B Iperf noroproplonic acid: 


is 
j 
é 
7 
ONO 
| | 


cr, cre, 


NO, 

of the nbtcation of carsled out wiih aud 
aad bens, siade it pussible point out some differences betweer this reaction aad 
the nitration of completely Muorinated olefins, In the alwation of purl fins there are formed only produces 
of the direct addition of altregca dioxide aud la the case of chivring -contaluing thers fs 
formed a mixtur: of vacious substances, altration products aumber of by-products, the furmation of which, at 
first glance, appears incoinprebendbl:, In the ultration of chhwotsiflioretry uw it can by shown that onc of the 
fur obtaining by-products ts the destruction of the initially formed nitrunivite with the Hheratioa of 
sy] chheide, which, seacting with the origina! olefin, yickts products of ciilorination, and nitrosation, 


— COOH. 
GINO + CF, = CFA CFCINO 


sC1—CFCINOD 
cF,Ci —CFCl, 
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- aod in their absence, is well known, An exainple of this would be the formation of dipheny] from benzene. Strictly. . 


cular alkylauon by olcfina, 


CATALYTIC CYCLIZATION OF a-PROPYLBENZENE TO INDANE 


A.L. Liberman, O.V. Bragin and Academician B.A. Kazensky 


It has rceently been shown In a scrics of works [1] that pasaffinic hydrocarbons can be cyclized under come . 
paratively ndld couditions (210°, 0,2 ratc) in the prescnce of platinized carbon homologs of cyclopcntans. 
Under these cundidons, anly those hydrocarbons are obtained which are formed by simple ring closure without any 
prcliminary of subsequent Lso:ncrization of the hydrocarbun chala. It seemed iniportani to us to ascertain whether 
cyclization of such nature could be accomplished in otis classes of hydrocarbons, Benzcne homologs were the | 
niost in this since the question of the possibility of theis cyclization to the scheme 


was rather obscure, Considerations both in favor of and against such a possibility could be found in the Htezature, 
Thus, N.D, Zclinsky and LN. Tits (2) obtaincd [Iworene by passing diphcnylinethane over platinized carbon at 
conditions chwe to ours, This case, which appears 31 first glance to be very similar to the cyclization considered 
by us, differed from it very substantially, as a maticr of fact, Acwally, in the experiments of Zelinsky an¢ Tits, 
the five-ime:nhered cing arose as the result of the formation of a C-C hond between two benzene nuclei: More- 
over, the tendency of aromatic hydrocarbons to condense 38 high temperatures, both in the prescnce of catalysts 


speaking, the formatioa of Nuorcac from diphenylmethane differs but litle from de formation of dipheny] from 


This analogy is the more grain since phenanthrene is formed from dibenzy] under. these gaine Magmic: 


Closer to the, probh:in sct by us Is the investigation of Orchin [3], who obtained tmw.cne and 9-methylMuorene - 
from 2-methy}- and 2-ethy}-diphenyl; -however, this work was carried out not over a platinum, but over a pale © 
Jadiuin catalyst and at considerably higher tempcrawre (450-480*) than ours, 


Apart from this, there are dats in the patent Utcrature [4] on the formation of indcne from o-cthyltoluens 
over chromiun) and jron-magnesium-potassiuin catalysts at 540-620", In the opinion of the of the patent, - 
the reaction proceeds through the formation of O-me Istyrene and is a special case of intamole- 


be the examples cited ahrve a ring 
emerged, it was feared that at the hower tenyerature of out export 
mente, the natere of the adsurpiion of the propy mohwuks os 
o|— F the catalyet would binder the formation of such a ring. As was shown 
| 


by BLA, Kazansky and TL, Bulaaova benzeuc It adsorbed comider- 
ably mere strongly on the surface of a catalyst thaa Is a-pea- 
tance, By analogy, {1 would be expected that fn the cas of homologs 

of benzinc, the aronstic aucicus would be adsorbed considcrably more 


& strongly the aliphatic side chain, complctcly crowding ou: the 
is a latter from the surface and thercby make the cyclizauion reaction Wa- 
otically inypossiblc, However, these fears were not justified, and ta- 
ad danc was obtalncd from p-propy 
Fig. 1. Distillation curve tor the prow The cyclizsticn was carried out ender the conditions gives 
duct of the cyclization of n-propylbca- above fur the cyclization of paraffins, The indane was scpasated from 
the catalyzate by vacuum distillatica im a column having aa cficctive- 


ness of about 30 theoretical platcs (Figure 1), and was idcatified by the 
closeness of its properties to the Kterature values and also by brojnination te tribromoindane, a mixture of which 
with a knows sample melted without depression of the melung poimt, The average yield of Indane Was Gf 


Thus it was reliably shown that it is possible to cyclize propyIbenzene 00 indase, 


TARLE 1 

Yield and of the Products from the of n-Propy Ibcazcas 

Experiment Charged Coliccted Properties 
No, sn ce ing io g in 

1 42.4 40.5 95.7 1.4956 0.8703 
2 48.0 413 40.4 97.9 1.4949 8676 
3 46.1 39.7 38.6 91.4 1.4943 

4 4.2 29.5 98.9 1.4945 _ ©8685 
48.4 4.7 40.9 98.3 1.4948 - 0.8682 
31.6 32.4 31.9 98.4 1.4943 


- Experimental. The propylbcnzene was’ prepared from chlorobenzene and a-propy] bromide through phenyl- 
sodium [6] and was distilled in a column having an effectiveness of 100 theoretical plates, It had the following 
properties: b.p. 159.5-159.6°/760 mm; 1.4920; 0.8623. According to the most reMabls data, 
-propylbenzene has properties very close to these [7} b.p. 159.22°/760 mm; 1.4320; 0.8620, 


270 ml of n-propyIbenzene was passed during a period of six days over 50 cc of platinized carbon (20% Pr}, 
prepared as described by N.D. Zelinsky and M.B. Turova-Polyak [3}. The hydrocarbon was passed over the catalyst 
at a temperature of 310° and a spsce rave of about 0.2, The yicids and propertics of the catalyzates are presented 


in Table 1. Distillation of the catalyzate in a columa baving an eflectiveness of about 30 theoretical plates gave 
indane in a fairly pure form, 


The properties of the fractions obtained are prescnited in Table 2. The properties of Fraction 7 are very clo 
to those given in the literature for indane [9} 377.5-178.5/760 mm; nf, 1.5383; 0.9639, Tribrouncindsec 
prepared from a small portion of Fraction 7 mehed at 133.5-134°, which is in agrecineat with the literature value 
{10} Trikromoindsnc prepared from indane specially synthesized by us for this puree from hydrocinnamic acid 
through e-indannc incited at the same temperature, and a mixture of this material with pee 
_— from Fraction 7 mehicd withont depression of the matting point, 


. 
| 
“4 2 
3 
736 as 
= | 


TABLE 2 
Yield of Fractions by Disti ation of te of the Cyciination of 


Fraction toiling fange in °C at Yield of [ frac: cthas 
Ne, 100 san in “in _ aff for umsatur tice 
Below 0.9 On 1.4923 Nugative 
1.7 4.1 1.4917 Negative 
3 156.9 84,7 1.4920 0.8622 | Nogative 
94.2-17.0 0.6 1.4951 | 0.8685 | Woably positive 
5 97.0-109,8 3.1 1.7 1.5159 0.9136 Positive 
109,1-109.3 3.8 1.45978 0.9599 Positive 
7 109.3 | 21 3.5330 0.9638 Positive® 

due 2.8 1.5 1.5400 | 6.9047 Positive 

“Rromine number 4.0; contcat of unsausates3fy 
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A NEW METHOD OF SYNTHESIS OF ORGANOLEAD: ComPounDs 
OF THE CLASS ArPbX 


E.M. Psmov, V.1. Lodochaikova znd Associate Member of 
the Academy of Scieuces USSR K.A. Kocheshbkov 


While investigating the properties and possible sancelons of beavy metal sahs of organic acids 
(1, 3}, we turned our attention particularly tw the corresponding salts of ictzavalent dead, and, by means of them, 
“we obtained a scrict of interesting results in the ficld of syathesis of organolcad compounds, — 


Notwiitanding that organolead cuimpaunds were first prepared in 1853 [2] and since thea have bees suwdied 
from a numbor of directions, one of the basic classes of these compounds, ArPbX,° (where Ar is an aromatic aaa 
ica} and X is an acid residue), was first obtained alta us ia 1982 {3} by = reaction = 


¢ Hg(OOCR), = = AsHgOOCR, @ 
(where RECHy or 
Sufficient fami larity with te properties of AiPbX, compounds, which were prepared by us according 
Equation (1), considerably facilitated the deve fopment by us of the new method, described in the present article, 
for the preparation of ArPbX, by means of the reaction 


seinen, an important prerequisite for the development of the method was the eerie of organolead 
compounds of the Class Ar,PbX, which was described in (6) 


2Anlig + Pb(OOCR), = AtgPb(OOCK + 2ArHgOOCR, 


The new method (Equation IJ) permis the preparation of compounds of the class ArPbX, in good yields and 
in a single step, while the previous method required the preliminary synthesis of Ar,PbX, according to (Ill) ar by 
dcalkylation cf Ar,Pb (or, correspondingly, ArsPb) and the subscquent splitting off of an aromatic radical according 
to (1). 
Removal of the by-product of the reaction, AtHZOOCR, Is easily accomplished by adding the calculated 
amount of an alcoholic solution of hydrogen chloride (ArligCl precipitates out), 


The new method is also applicable for the preparation of ne setae of the class ArPbX, 
when the aromatic nucicus contains substi wents, 


EXPERIMENTAL 
Phenylicad triacetate, To a solution of 1.7 g of Jead tetraacetate °° “ 312 ml of dry chloroform was added, 


*Concerning the unre peoducibility of thé data of Lesbre on the propataton of RPhX, compounds in the ali- 
phatic series sce [5}, 


The usual preparation barely moistencd with acec acid was used, The amount recalenlatcd to 
the ery corresponded to mole plus an excess of 109%, [The authors mean a 1.131 nwole rado 
ef components was used Translator.} 


Tat 
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: 
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with stirring, o ot 1.07 make) of in 10 ef the same solveat, After 


- ture of the two samples melicd withom de pression of the mciting point. 


thus fadivating the of head tata. 


The misture was with of crnhed low aad salt, and 1,25 al of an alcuholic sohuttoa af 
drogea chhoride (1 equivalcat) was added, The melting point of the procipiiated material, after filtrative aad se- 
crystallization from ayhene, was Cacverding to the Hicrature data, the melting poiat of phony lmnercery chloride 
is The yleld was 0.47 [94.5% of thowctical, Epation 

The filtratc was allowed to stand in an evacuated vacuum desiccator anti) the solvent was complcte}y se- 
moved. The crystalline residuc (about 3.5 g) was practically pure plenylicad triacctate (m.p. 100-101) After 
fecrystallization ftom freshly disulied ethyl acctate to which one drop of acetic acid was added, the mp. was 
11-102", The yich! was close to theoretical, 


The melting polut of phenylcad tlacctate prepared by our carlier method [3] (from diphenyllcad diacetate 
and mercuric acctatc) was 101-102", A mixture of the two sampics inclicd without depressioa of the mching 


point. 
Found Je Pb 45.23; 45.09. CglisPb Calculsied $e Pb 44.92, 


Determination of te number of acid groups (by boiling an alcobolic solution of the material with @.1 
sodium hydroxide and Utration of the cxccss of the laticr) gave 2.70 and 2.96. 2 


Phenylicad tilsobutyratc. A solution of 1.4 5 (multiplied to 1 mole) of diphcnyimercury in 7 mi of ary 
chloroform was added to a solution of 2.4 ¢ (muldplied to 1 mole plus 10% cxccss) of lead tctralsobotyrate ia the 
sane volume of the saine solvent acidified with 2 drops of Isobutyric acid, The amount of pheny Imercury chiodde, 
precipitated by the usual) treatment with an alcoholic solution of hydrogen chloride (1 cqulvalest), was 1.13 g 
[91.5% of theoretical, Equation (iI)}. 


After removal of the solvent in a vacuum dessicatas, as described above, the redidue was a greasy mass which 


| cangealed after standing for some Uine, After recrystallization from hexane (<a petroleum ether) containing 1-2 


drops of isobutyric acid, the substance mclicd at 77-78" (the melting point of phenylicad tilsobtyrate prepared 
previously by us according to Equation (I) was 77-78°). A mixture of the two samples melted without depression 
of the me)ting point. The yicld was 1.2 g ([S0%of theoretical, Equation 


Found Pb 37.74; 37.93. Cll, Pb [OOCCH( Calculated Se Pb 37.99. 


Determination of the number of acid groups gave 2.87 and 2.85, 


By a method previously described by us [3], the phenyllead tilsoburyrate obtained in. the present expesi- 
ment was Converted to pheny}iead uibenzoaic. M.p. 149.5-151°. to the literate, the mmc iting point 
of phenyllead uibenzoste is 149.5-151° [3}. 


p-Tolylicad wiacetate. To a hot solution of 1.25 g (multiplied tol mole) of di-p-twly linercury in 35 ml 
of dry chloroform was added 1.65 g of lead tetraacetate (multiplied to 1 mole plus 10% excess, calculated on the 
basis of acctic acid-free lead tetraacetate), The solution swod for a day, and was then meated, as usual, with al- 
coholic hydrogea chloride, 


After 20 ininutes, the precipitate was suction Guered. The weight of p-tolylmereury chlondc was 1 g O4% 
of theoretical, Equation (I). M.p. 238°; litcrature value 238-239°{7). From the fikrate, after removal of he 
solvent in the usual manocr, was obtained 1.52 g of a crystalline material melting at Alice 
tion from acctone containing 1-2 drops of acctic acid, it melted at 87°, The Melting puint of p-wlylicad trisce- 
tate prepared by our other mcthod was 86-88" The yicld was 1 g [66.6% of tncorctical, Equatiw A mis- 


Determination of the pumber of acid groups gave 2.83 asd 2,0, 
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NORMAL PARAFFINIC HYDROCARBONS ISOLATED FROM = 
KEROSENE FROM ROMASHKIN PETROLEUM 


Academician A.V. Topchiev, Nifoatova, 
R.Ya. Sushchik and A.A. Suchkevsa 


Norma! paraffinic hydrocarbons have been detected in almost all pewoleums, but the amount varies consid - 
erably and pends chiefly on the type of petroleum; thus, for exaimple, naphthenjc and asphaltic petroleums con 
tain them in very Umited amounts. Of Soviet peuoleums, paraffin-base Grozny is the richest in paraffinic bydeo- 
carbons According to knows data, the content of hydrocarbons ia the light naphtha-kerosene 
ticas of various pewoleums varies from 11 to 68h 


-TABLE 1 
B.p., °C Maximum ani- 

15-200 0.7685 1.4285 1S 49.5 
200-225 - 1.4340 80.7 
125-250 0.7835 “1.4440 82.7 
250-275 0.7984 1.4450 83.2 21.8 
275-300 0.8059 +1,4510 96 i= 5.8 
TABLE 2 
“Content of n-Paraffinic Hydrocarbons in Fractions of Romashiin Kercsens 

Content, 
B.p.. °C Total paraffins | n-Paraffins in n-Paraffies ie o-Paraffins in 

in fraction fraction kero. fraction petroleum 

175-200 58.9 13.1 oss 0.10 
200-225 52.6 16.0 0.55 0.12 
225-250 63.5 24.6 0.76 0.17 
250-275 49.3 22.4 1.7 0.38 
275-300 56.0 0.93 0.20 


In spite of the presence in the light naphtha-kerosene fractions of considerable amounts of paraffinic hydro-_ 
carbons, the number of petroleums from which n-paraffinic hydrocarbons boiling in the 200-300" range have been 
isolated is small. This is explained by the difficulties involved in the isolation of n-paraffinic hydrocarbons owing 
4% the presence of a large number of isomers of the naphthene and paraffin series, the number increasing with an 
} increase in boiling point. Fractional crystallization and urea-complexing sre currently used for the isolation of — 
a-paraffinic hydrocarbons from the naphthere-paraffin mixture, However, the usc of the latter method is limited - 
by the carbon atoin content of the hydrocarbon investigated. a-Paraffins with a carbon atom content of C, to Cy, 
"J can form complexes. The method was discovered in 1940, Rengen [) rapidly found broad application, not er 
in rescarch [4,5], but also in industry, as the many patents somed in recent years attest, 


the Grozny Peuoleum 
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Properties of Narrow Fractions of n-Paraffinic Hydrocarbons Lsolated from Romashkin Kerosene and of a-Paraffins Described in the Literature 


TABIE 3 
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“tn to study the nature of the normal paraffins 
Cutoring the coniposition of the light napitha 
fractivas of Romashkin petroleum, the crude 


was fractlonated Io a Large-scade laboratory typo columa, ~ 


The light naphtha-keroscne fractions were collectod une 
der vacuum at an absolute pressure of 30 mmm Hg. Each 
fraction iswlatcd was dearomatized by passage through 
silica gel. The naphilens-paraffia fracdon was treated 
with urea according to the method described previously 
[4, 5} and developed in detail in the Insite of Pevoleum 
of the Acadciny of Sciences USSR Isolation of the a- 
paraffins comprised chicfly agitation of the separate frac- 
tions with urea in the presence of incthyl alcobol and fso- 
pentanc, The urca-n-paraffin crystalline complex was fil- 
tered and carefully washed with a large amount of isopea- 
tape. The precipitate was dried in als, and the pulverized 
material was decomposed with hot water, For complets - 
purification, the thus Isolated a-paraffins were pasied oves 


silica gel and fractionally distilled in a vacuum columa, 


The subject of investigation were 25-degree frac 
tons of naphthenic-paraffinic hydrocarbons of Romashkia 
kerostne. Properties of the {fractions are presented in Table 


1. It is apparent from the table that the investigated frace 


ons have close densitics and indices of refraction and high 


aniline pdinu, which indicates the presence of considerable 
amounts of paraffinic hydrocarbons, 


In Table 2 are presented the overall content of paraf- 


_ finic hydrocarbons found by the method used for chemical 


group composition, and the contcat of n-paraflinic hydro 
carbons established gravimetrically, Le., by isolation of 
the normal paraffins through complex formation with urea, 
The method of quantitative determination of n-paraffins 
consisted of treatment of 100 g of the dearomatized frace 
tion with urea, Aficr dcoomposition of the complex, the 
n-paraffinic hydrocarbons were weighed, and the amount 
found was calculatcd back to the basis of the original 
fraction. During the determination of the n-paraffia coe- 
tents, strict analytical accuracy was maintained, 


It §s apparent from Table 2 that the contemofs> 
paraffins in the separate fractions varied from 13 to 24.6% 


The norma! pataffins separated by the above indicated 
method were fractionated in a vacuum columa. By carrys.. 
ing out severa} fractionations, it was possible to Lolate 
tather narrow-boiling fractions, which corresponded in boll- 
ing point to individual paraffinic hydrocarbons, Properties 
of the fractions separated are presented in Table 3, where — 
data for synthetic n-paraffins, described in the Wtersture . 
[8], are also presented. From a comparison of the proper 
tics, it can be concluded that the kerosene fractions bolle 
ing in the range of 175-300° contain all the homologs of 
normal paraffinic hydrocarbons from Cy to Cy, L.¢., from 
decane to octadecane, The presence of some discrepancy - 
in the individual constants of the paraffins isolated can he 


- 


— 
~ 


explained by the peethle prosonce of small anwunts of slightly branched paraffisa, which ato react caslly with 
urva, 
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CLEAVAGE OF THE TETRANY DROFURAN RING BY THE eetebainied 
OF CERTAIN HALOGEN COMPOUNDS | 


Associate Member of the Academy of Scluncus USSR N.1, Shuikia 
aad 1.F, Belsky 


As was shown by us in [1], the tetralydrofuran ring Is vasily cleaved by the action of anhydrous aluminum 
halides (AICI, and AlBr,) with die formatioe of 1,4-dihalo substituted aliphatic hydrocarbous, Io the present work, 
we fovesuigated the possibility of splitting use wenabydroiutan ting by the action of certain other haiogen-contain- 

" ing agents. It has been shown by a serics of authors that Ue tetrahydrofuran ring undergoes Cleavage under the ia- 
flueuce of hydrogen halides [2-5], phosphorus uibromide [6], and acy) halides (7), 


We investigated the actiun of titanlum tetrachloride, chioride, antimony pentachloride, phosphorus 
uibronide, phosphorus oxychloride (POC), and sulfury} chiluridu ou tetrahydrosylvan, Jt was'shown that only 
TiCk, SbCly, and PBry have the ability to split the tetrahydrofuran ting with the formativa of 1,4-dihalopcotans 
as the basic product, The reaction between tewahydrosylvan and TiCl, or SbCi, proceeds very. vigorously with the. 
Ubcration of a large ainount of heat. On the other hand, phosphorus ulbroinide is a mild cleavage agent in com- 
parison with the othe: two, Stannic chloride, phosphorus oxychloride, and sulfury! chloride, even on heating for 
5 hours, gave practically no cleavage of the tetrahydrofuran ting, Investigation of the solid redidues forined in the 
reaction of tetrat ydrosylvan with and showed that Uicy respectively, titanium dioxide, 
antimony oxychloride (SbO,CI), and phosphorus trioxide, Consequently, the basic course of the reactions of tema 
hydrosylvan with SbCk, and can be represented as follows; 


The tetrahydrosylvan, prepared by the hydrogenation of sylvan over skeletal nickel ene had the follow- 
ing properties: b.p, 79-79.2° (750 mm), & 0.8582 and nf} 1.4060, 


Into a three-necked Mask, fitted with a mechanical stirrer, a dropping funnel, and a reflux condenser, was 
placed 1 mole of tetrahydrosylvan.. After cooling the flask with a mixture of dry icc and acetone, 0.5 mole of 
; THC, or SbCl, was added slowly (over a period of 1.5-2 hours) from the dropping funncl. when the reaction was 
: carried out with phosphorus uibromide, which was used in the amount of 2/3 mole per mole of tetahydrosylvan, 
the flask was heated on a water bath, and the phosphorus uibro;ide was added gradually to the boiling tezahydro- 
‘sylvan, After the addition of the entire amount of halogen compound, the reaction mixture was heated about two 
hours on the water bath. The reaction products were extractod with ether, and the ethereal] extract was washed 
with a solution of soda and separatcd from the solid residue, Aftor diying with fused potash and distilling off the 


746711 


| | 
: 
CH,CH,CH,CHCH, + TiO, 


ethet, the reaction wets seduced 


the by the actlon on tetrahydresy af tetrachloride (yluid 
of thowetical and of antinnwy poatach boride had the following 


obtained by the action of Pleaspl nares de oa with a ylold 
of bess than 0% had the: folhewing bhp Tana 1.5087; MRp found 44.6%, 


Thas, was catablished that by te action of titanium tetrachloridc, pemtachluride, and phosphorus 
Uibromid: on tetraly cleavage of the tetrahydrofuran cocur with the formation af, sespuctively, 


Vader dimilar conditions, stamic phosphonis oxychlorids, aad su ¥ury! chloride have cleavage 
effect on the teteahy drofuran ting, 
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ESTERS OF. HY DROX Y -8 LPNOSPHONIC - 
AND 1, 2-EPOXY -2-PROPY LPHOSPHONIC ACIDS 


| hy Academician A.£, Arbuzov, June 21,1958) 


Wa tkylphosphurons acids [diesters of phosphorous acid} condense with varicas aldchydes and ketones {1} 
(he fesction proceeds sinoothly and vigurously in the presence of catalysts — alkalf metal alcoholates or organic 
materials having a basic character. The condensation reaction also goes in the absence of catalysts, energetically 
vith compounds as chloral [2] and hexa- and pentachloroacetome, and moderately with aitrobenzal- 
and benzaldchyde, The presence of substituents which the of the carbonyl] group pro- 
tive the Condencation reaction, 


The present article describes the results of investigations of condensation reacuons dia phosphorous 
avide [dicsicrs of phosphorous acid) with chloroacetonc, which proceed on heating without a catalyst. The most 
favtable temperature is in the range cf 100-120°, The reaction proceeds sclatively slowly. The course of the 
teactlon was controlled by periodically checking the index of refraction. The reaction was contimicd unt] the 
@ teltactive index became constant. It is necessary to assume that the reaction proceeds through the eno! form of 
the diatkylphosphorous acids; therefore, the reaction can be represented as follows: 


CHe 
(RO), (RO) VOH+CH,CICOCH, (RO), 


The —, products obtained are given ia Table 1. 


TABLE 2 
Coters of a-Hy droxy -chlorolsopropy Iphoiphoalc Acid 
CH 


Yield, % Cl content, % P content, & 
found — calculated found calculated 
58.7 17.15; 37.33 19.83 15,11; 15.02 15.30 
65.3 15.21; 15.11 15.41 13.50; 13.23 13.45 
57.9 12.95; 12.97 13.73 12.05; 11.70 11.99 
50.6 12.21; 12,25 12.39 10,70; 10.67 10,82 


48.4 12.24; 12.32 12.39 10,80; 10,92 10,82 


| 
13-74 
| 47-48 : 
| | 79-80 
Cytly Viscous 
parent 
149 


x 


TASLE = 


Bulllag Yield, Min coutcat, $ 
point, “C + found caxulated | found calculated 
Gi, f vesI/e | 72.5 1.4305 | 1.1138 | 45.06 | 45.56 15.75; 18.80 | 15.96 
| 9s, 97/6 | ane | | | 54.76 13,80; 13.90 33.96 
139-:40/5 | | 1436S] | Cres | 64.00 12.25,1240 | 12460 
| 125-127/6 | sas 1.4333 | 1029 | ess | 64.00. 12,30; 1230 | 32.40 


*Spliuing out of LIC] was carried out on the raw condensation product, with respect to which the yield is given, 
If the loss during purification of the condcesstion product is tabea into doubled. 


The exieds obtained wees subjected to weatroeat with 22 alcoholic solation of potastum hydroidde, As would 
be expected, we obtained esters of 1,2-epoxy-2-propy lpbosphonic acid, which are shown in Table 2, The esters 
are colorless liquids, distllluble without appreciable Cecomposition, Splitting off of the hydrogen of the hydroxy! 


group and formative of the oxide cing male’ ee 
The C~P bond is sable. 


It was shoen that dialkylphosphesous acids react with chlorsacetone on heating without a catalyst, and give 
esters of a-bydroxy-8 -chluroisopropy lphosplionic acid. By splitting out hydrogen chloride, the latter are converted 
to esters of 1,2-epory-2-propy iphosphonic acid, the C—P boad of which is stable, 
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THE ACTION OF ACETYL HYDROPEROXIDE ON ALKYL- 
FURFURYL ALCOHOLS — 


. 


(Presented by Academician A.E, Arbuzov, June 26, 1956) 


The acuoa of per acide, among them acetyl hydroperoxide, on unsaturated hydrocarbons and certain of 
Ureir derivatives is one of the methods of synihesis of con:rsun com’ an a@-cpoxy ring in the molecule, 


Investigations conducted on the oxidation by acety' unsaturated hydroxy compounds of the 
aliphatic and alkylaromatlc series [1-3] showed that thee. and epoxy phenols syrthesized by this 
nicthod are very interesting compounds, their properties be’ ag texminad to a considerable extent by struce 


ture, 


The oxidation of heterocyclic cainpounds with per acids has not been studied recently, nor has it been” ° 
sudied sufficiently, Oxidation of the first member of alcohols of the furan series — furfury} alcoho) — was carried 
out by Boesekea who oxidized furfury! sicohol with two moles of acety] obtaining up to 80% tas 
and only smal] amounts of dihydro-2-furanone (1) and - lactone (I). 


it seemed interesting to us io investigate the action of acety] on uray! alcohol. hav- 
iug different radicals in the side chain under various oxidation conditions, Based on work on the oxidation with 
per acids of dienic hydrocarbons [5} and of unsaturated alcohols having two double bonds in the molecu [1, 65 _ 
it would be expected that oxidation of alkylMurfury} alcohols woutd Jead to different products, namely: in the 
case of oxidation of one double bond in the ee alcohol molecule, the forination veal two isomeric mong- 
_ epoxy alcohols 


of1 
| 


in the case of oxidation of two double bonds the alky}furfury] alcohol, the formation 0 of the 
and two isomeric €poxymonoacetates of a wihydric alcoho) (VI and VII: 


Dirccting to the that with considerably changed carhn aru frs- 
by of furfury? derivatives of the furauc series wiili por and conddering 
abe that atoolols are very te of thes under the of vativw reagents 
(by the section uf sloubuls la the prescuce of hydrops {7 L by hydration the of achds [4 by 
[10], vte.), we would capcct that th: ff Murfuryl with hydroperoxides 
would bead to the of products laving 2a corm stow chain additiog tw coiipounds with an 


ding. 

We carricd out thy with scctyl of the following alcolols of the series: 
furfury! aloubol, a-propy Mucfury! aloubel, a-buty Murlury! alcubul, aud isoamyMurfury) alcubol, The alcubuls 
oxidized with acetyl! hydroperoxide ia the amount calculated fog the oxidation of one duub’s bond of dw alcohol 
(ene mole of by droperuxl de per mols of alcolol) aad the ssvovat calculaicd for the oxidation of two double bonds 


Wf the stocked nwles of sicoboh. 


TABLE 


a-Cpoxides of Alky Murfury] Alcohols 
C, in % 
°C cale. found cak. 


69.5-71 $9.15 59.06 

5$1.5-59.8 | 61.53 61.25 10.89 10.62 62.9 

82-83 63.52 63.26 a2 10.00 | 10.13 72.6 
9.23 


60-61.8 | 65.22 | 65.08 


Oxidation of the alcohoh was carried out with 90-95% arety] hydroperoxide Ja absolute alcoho! solution at 
a temperature of 20-25°, At the end of the oxidation, the s¢sctioa products were neutralized with an aqueous 
soda solutiua, after which the individual products dissolved is se ether and squcous phases were investigated, We 
found that the basic reaction products of the exzidatioe of alxy urfuryl alcohols with one mole of acety] hydroper= 
oxide were monoepoxyfurfury! alcohols (VIL, LX, X, which were colorless crystalline materials, soluble 

The epoxide of n-butylfurfury} alcoho] decomposed om beating with zinc chloride and on storage. ‘One << 
the products of the docomposition of the epoxide was a-valeraléebyde, which was identified by its condensation 
product with dimedon, The formation of the a-valeraldehyde can proceed by the splitting off of the side chain 
from the molecule of the epoxide of butylfurfury} alcohol (X). The established fact of the splitting of the mono- 
epoxide (X) with the formation of an aidchyde by eplitting off the side chain provides basis for considering formula 

Il the more probable of the two possible structural forfmilas of tse :scacepoxides of prs alcohols (II and 
IV), since similar decomposition with the formation of aldehydes has been observed recenily {21-12} for epoxy 
alcohols in which the alcohol group is in the B, e-position to the epox'de ring. In the pare of the alkylfur- 
fury! aicchols with two molecules of acetyl hydroperoxide, only in the case of n-butylfurfury) alcobel was there 
fsolated from the reaction products at the end of te oxidatioa some smount of monoepexide, which was identical 
in properties to monoepoxic&: X, At the end of the reaction, the main mass of reaction products obiained from 


vill 
— Ym. o On. 
C—CH—C,H,-2 x HO C—CH-GHy-iso ti 
732 


the oxidation of the with two moles of acetyl appeared the waler Layer, aad wore a 
wilature of substances - acids and aldchydes - apparcatly, as 2 result of cheavayy: of the banad 
unstable oxides, Thus, in the products of a-huty Wurfury] were found u-vatcraldchyde, 
acid, ccutic acid (as a chravaye product of acetyl aid a subsuituicd acids 
whose structures were pot cstablished, 


Ja the oxidative products of thy alcobol 


TABLE 2 were found propionaldehyde, formic snd acetic acids, end 
Oxidation of n-Buty Murfury! Alcohol (Two @ walxture of substituted carboxylic acids, the structures of 
Moles of Hydropcro-ide per Mole of Ale _ which we failed to establish. The aldchyde was cstab- 
cohol) lished by means of its condensation product with dinedoa; 
forinic and aceuc acids were identified by the sppropdats 
| qualitative reactions. If the oxidation reaction Is not care 
ginning of | moaoepoxide} acety] 
cd to completion, but is stopped by 4ccomposing the 
ty] hydroperoxide aud neutralizing the acetic acid 
(in hours) oreti¢at) of that charged) 

' with an aqueous solution of soda, the. presence of consid- 
24 60.2 40.0 erable amounts of monoc poxides of alky Murfury) alcohols 
30 328 20.5 in the reaction products is observed, 

36 1s 8.0 

‘a 0.8 The stnount of mosce poxide with the exe 


tent of oxidation, Le., with a decrease in the amount of 
hydroperoxide in the reaction products (Table 2). 

This fact indicates that in the oxidation of alkyfurfury] alcohols with two moles of acety! hydroperoxide, 
the initia! products of the reaction are monoepoxides of a!ky}furfury] aicohols. Apparcotly, the products formed 
by oxidation of the second double bond of the alkylfurfury! alcobols are unstable and easily decompose by split- 
ting off the sids chain and by cleavage of the cyclic part of the molecule at —C-C— and ~C ~O- bonds, . 
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DIENE SYNTHESIS WITH CHLOROMETHYLVINYL KETONE 


Yu.A. Arbuzov and B.L. Dyatkia. 


(Presented by Acadeinician AN. Nesmeyanov, July 3, 1956) 


The present paper describes diene synthesis teactions chioro:nethy! vioy! which receatly 
has becoine available for-preparative purposes but lias not yet been used in organic synthesis, 


The foilowing dienic hydrocarbons were reacted with chloromethy! viny] kewne: isoprene, 
cyclopentadicne, 1,3-cyclohexadiene, and 1,1*-dicyclohexenyL* Chloromethyl 
viny! ketone reacted with cyclopentadiene with vigorous evolution of heat. The reaction product, } -chloroacetyl- 
2,S-endome thy lene.-3-cyclobexene, was obtained in 05% yield) The reaction of chloromethy! visy! ketone with 
2,3-dimethy1-1,3-butadiene was begun by heating, and then proceeded with considerable evolution of bez. The 
yield of was The addition of cblcromethy! vinyl ketone to 
Frene, 1,3-cyclohexadiene, and 1,1*-dicyclohexyl was cstried out on a boiling water bath. The yield of 1-chioro- 
acetyl-~4-methy]-3-cyclohexene was 93%, the yield of 1 -chloroacety]-2,5-endoeihy lene -3-cyclohexene was 80 
the yield of 1 -~chloroacety]-2,3,4,5-dicyclobexano-3-cyclohexene was 49% The reaction of chloromethyl viny] — 
ketone with 1,3-butadienc was carried out by passing 1,3~butadiene {nto a boiling benzene solution of chioro- 
me thy] viny!] ketone, ‘1 -Chloroz cety1-3-cyclohexene was obtained in only 37% yield, and analysis of the additica 
product gave a carbon content which was 1% *00 Jow, It is neat! that the addition product was conteminated . 
with the dimer of chloromethy] viny! ke tone, 


The 1-chloroacetyi-3-cyclohexene and its substituted derivatives obtained by us were smoothly con verted 
into ths corresponding acety] derivatives by reduction by warming with zinc dust. and glacia} acetic acid. For 
example, by reduction of the product of the addition of chloromethy] vinyl ke tone’ to fsoprenc, 1 -acety]-4-methyl- : 
3-cyclohexene was obtained; hence, it follows that this addition product was 1-chioroace ty]~4-methy!-3-cyclo- 


EXPERIMENTAL 


Preparativn of chloromethy] viny] ketone. By the addition ef chkroacetyl chloride to ethylene in the 
sence of aluminum Chloride was obtained, in 79% yield, 1,4-dichloro-2-butanone; b.p. 90-93" at 17 som; 
1.4781; 1.0389; MRp found 30.49, calculated for 30.42, 


Literature data: b.p. 66° at 0.2 mm [1k bp. er at 2.5 min, ob 1.4785 [2] b.p. 65° at 3 mm, 1.480; 
1.3295 13}, 


By splitting out eedsliggn chloride from the 1, 4-dichloro-2-butanone by pape of diethylaniline there was 
obtained, in 50% yicld, chloromethy] viny] b.p. at 31 mm; 1.4690; found 
25.42, calculated for 25.08, - ‘ 


Litcrawre data: b.p, 87 at 107 mm, 74-75° at 57 mm, B 1.4708 [2}; b.p. 37-38 at 10 mm, — at 60 mm, 
89-30" at 140 mm, 1.4675; 1.2604 


Chloromethy! viny! ketone and cyclopentadicne. In a flask, fitted with a reflux was 1248 
(0.118 mole) of chloromethy! viny) ketone, and 12.4 g (0.188 mole) of cyclopentadiene was added in small por- 


* All experiments were carried out in the presence of hydroquinone, — 


= 155 


| 
2 
: 
. 


thts thet the over a of YO wal th. stroug cvolutloa of heat, the mixture ia 
was thes to thu by the Cash ia cold water, “After the addition of ail the cycles 


the mixture was beated on a boiling water bash for hour, and was then ditilled under vacumn, 19.2 


scooud the addidiea product had the following propenics; at 4 non; nf} 1,514, 1.1747; 
MIRyy $3.67, calculated for Cy "43.7%, ; 


Found C 63,30; 63.49; H 6.60; 6,77, Cl 20,37, 20,67, Galculaiod H 
20.78 


Chlioromethy! ketone and A of 14.0 g (0.136 mole) of chloro- 
smcthyl vinyl ketone and 12.9 g (0,150 mole) of 2,3-dimneunyl-i,3-butadiens was heated in a flask, fitted with a 
reflux condenser, until reaction was complete, Vigorous reaction coutinued for about 15 minutes. The mixtuse 
was then heaicd on a boiling water bath for about 2 hours and disuilled under vacuum, 23.3 g (92%) of 1-chloro- 
acety]-3,4-dimethy]-3 -cyclohexene was obtained: b.p. 121-123° at 8 mm. After a second distillation: ~~. 
118-119" a1 6 mm; 1.5020; 1.0872; MRp 50.67, calculated for 50.59. 


Found fe C 64.45; 64.35; H 8.20; 8.20; Ci 18,72; 18.89. ee oe C 64.33; H 8.10; - 

c119.00, 

Chioremethy!l vinyl ketone and 1,3-cyclohexadiene. A mixture of 13.3 geass mole) of 
vinyl ketone and 13.2 g (0.165 mole) of 1,3-cyclobexadi¢ue was heated in a sealed ampoule on a boiling waters 
bath for 1G hours, After distillation under vacuum, 18.9 g (80%) of 1 -chloroacety]-2,5-endoethy lene-3-cyclohex- 
ene boiling at 121-126° at 8 mm was obtained, After a second distillation: ret 104.5-105° at 3 mm; af§ 1.5226; 
1.1725; MRg found 48.08, calculated for 


Found C 64.99; 65.05; H 7.24; 7.30; C1 19.23; 19.60. CyH,OCL Calculated 65,04; 2.10 
C1 19.20, 


Reduédon of the with zinc dust and glacial ecetic acid 
gave b.p, 85-86, 5° at 7,5 mim; 1,4958 1.0167; MRp fousc 
43,12; for 43.52; m.p. smicarbazone 181-183°, Lisersture data {Sk b.p. 106-106,5° at 
20 mm; 1.4938; 1.0152; semicarbazone 183-164%; [6 b.p, 1062207" at 18 mm; 1.4951, 


Chloromethy] viry} ketone and {soprene.. A mixture of 12.5 g (0.118 mole) of chlorome thy} viny] ketone 
and 12.5 g (0.183 mole) of isoprene was heated ip a flask fitted with a reflux condense: on a water bath. The 
temperature gradually increased to 95° over a pesind of 2 hours, The flask was then heated ona boiling water 
bath for 7 hours. There was obtained 19.1 g (93%) of 1 -chloroacety]~4-methy]+3-cyclohexene with a b.p. of 110- 
111.5° at 9 mm. After » second distillation the addition product hac: b.p. 115,5° at 11 inm; off 1.4989; &° 1.1024 
MRp found 45.99, calculated for CyHyg0C1 | 45.97. 


Found % 62.64; 62.64; H 1.77; 7.92; Ch 20.61; 20.76. C 62.61; H 7.59; 


Reduction of the 1-chloroacety]-4-methyl-3 -cyclohexene with zine dust and glacial acette ccid gave 1- S 
acety)-4-methyl-3-cyclobexene: b.p, 73-75" at 7.5 mm; of) 1.4690; 0,9942; MRp found 41.20; calculated 


for 41.01; m.p, semicarbazoce 148,5-149.5°; m.p. 168-170", 


Literature data [5} b.p. 94.2-94.7 at 20 mm; 1.4704; 0.9408; m.p. semicarbazone 151°; m.p, p- 
nitropheny Ihydrazone 166-168"; [7} b.p. 85-86" at 13 mm; m.p, semicarbazone 149°; [8 b.p. 
20 mm; up 1.4706; f° 0.9373; [6} b.p. 91-92" at 18 mm; aff 1.4720, 


Chioromethy] vinyl ketone and 1,1*-dicyclohexenyl, A mixture of 10,5 g (0.10 mole) of chloromethyl] vinyl 
ketone and 16.2 g (0.10 mole) of 1,1*-dicyclohexeny] was heated cn a bailing water bath for 7 hours, After cool- ~ 
ing, the solidified mass was ground with pevoleum ether, and the crystals were suction filtered and washed with 
peuoleum ether, 13.0 g (49%) of melting at 100-108.5° 
was obtained, After from ethanol, the materia] melied at 104,5-105", 
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Found % 72.143 8.705 Cl Cabentatod 72.02; 11 8.09; 
C1 43,28, 


and J A solution of 17.0 g (0.169 mole) of viny! 
tone ia 30 nil of beuzene was placed in a flask fined with a gas tube. A modcrate strcam of 1,3-butadions 
was patsed fur 9 hours into the solutled, which was heated to boiling, bonzenc was then distilled, and the 
sesiduc was fractionaicd undst vacuum, 9.5 (17%) of -cyclohexcne was 
at 6 mm; aff 1.5010; 1.3395; Maj) found 41.05, calculated for 41.28. 


Found C 59.56; 59.58; ‘111.23; 7.06; Cc) 22.49; 22.59, CyllyOCL c 60.57; H 6.9% 
_a 22.36, 


Reduction of the 1 with zinc dust and acetic acid gov 
cyclohexcne: b.p. 69.5-70.5° at 12 mmm; 1.4711; 0.9565;- MRp found 36.29, calewlated for 36.49 
m.p. scmicarbazone 164-165"; m.p. Diy 141-142, 


Litezature data 79.5-80° at 20 min; 1.4698; 0.9584; m.p. 108.188; mp 
p-aitropheny Ihydrazone 142-143°; b.p. 71° at 14 mm; m.p. semicarbazone 164°; b.p. at 
20mm; nf 1.4698; 0.9580; (5 bp. 77-79" at 18 mm; op 1.4698, 
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TNE QUESTION OF THE KINETICS OF THE CURING OF PHENOL- ~ 
FORMALDENYDE RESINS BY MEANS OF HEXAMETUY LENS. 
TETRAMINE 


and Academician V.A. Kargis ped gq 


- 


The condensation of phenols with formaldchyde {s among the oldcst known : petyaatiananiinals reactions, and 
its kinetics have been swdicd by many investigators, The chicf attcntion in thesc works was directed toward the 
kinc tics of resin formation curing the rcaction of phenols with formaldchyde in aqueous solutions, 


0 @ Ht 
Fig. 1. 


As is well. known, in the process of curing phenol-formaldehyde resins there are formed infusible and insol- 
uble products which complicate extremely the investigation of this reaction. In the present communication are 
presented the results of a thermo:nechanical investigation of the process of the setting of phenol-formaldehyde 
resins by means of Re Crain eas in the presence of a number cf additives which are free radicai init- 
ators, 


Samples for the were by tablets from mixures of resin, 
mine, plasticizer, and additive in a manner such that the samples obtained retained thelr thermosetting property. 
Dityty] phthalate was used as the plasticizer in all cascs. The amounts of plasticizer, hexamethylenetetramine, 

_and additive are expressed in weight per cents based on the weight of the resin. 


In Figure 1 are presented thermomechanica! curves taken during the process of curing phénol-forma dehyde 
resins with hexamethylenetetramine and with hexamethyJevetetramine and benzoy) peroxide or benzaldehyde as 
additives, Mixtures of the following compositions were investigated: 1) Novolak resin, 5% hexamethylenetewa- 
mine, and 2b% dibutyl phthalaic (Curve 1); 2) Novolak resin, 5% hexamethylenetctramine, 20% dibuty] phthalate, 
and 5% benzoy! peroxide (Curve 2); Novolak sesin, S% 20% and . 
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Tho were prepared In the fullowing inane 
nets the of the indicated composition was cured 
for Into tablets at 120°, and 
beh! far at a pressure of ky/eq 


The curve fur a 
tusin Is characterized by a well-cxpressed peak-which 
aris:s bocaus the resin gocs inunediately from the vite 
reous region to a viscous-flow state and then curcs, 
Curing is accompanicd by an Increase in the clastic 
modulus of the resin, and the curve descends, Since all 
samples wero pecpared under strictly identical regimes, 
the magnitude of the pcak on the thermomechanical 
curve chatactedzes the curing rate of the rcsin. From 

= inspection of the data prescated in Figure 1, it fol- 
Jows that the benzoyl peroxide and benz=:Idehyde ad- 
ditives, acting a8 sources of free radicals by 
: déccoinposition, lead clearly expressed acceleration 
Be oe of the curing process of a phenol-formaldchyde resin in 
the presencs of hexamethylenctctramine, 


tn Figure 2 are presented thermoinechanical curves obtained during the process of curing a Novolak phenol- 
forma ldchyde resin in the prescnce of hexamethylerctetramine and 8 number of subber vulcanization accelcrators 
as additives. Curve 1, Figure 2, relates to a sample prepared from a mixture of the following composition: Novo- 
lak resin, 5% hexamethylenetetramine, and 20% dibutyl phthalate, Curves 2-5 relate to samples of an analogous 
composition, but with the addition of 5% of the following rubber vulcanization accelerators: thiuram (Curve 2), 
Gpbeny iguanidine (Curve 3), Captax (Curve 4), and Altax (Curve 5), The preparation regime of the samples te- 
mained as before with the exception of the time of holding during pressing (10 minutes), 


Ia this Case also there was an acccleration of the curing process under the influcnce of the fini radicals ee . 


by thermal decomposition of the rubber vulcanization accelerators, 
It should be noted that in the absence of tetemethylenetetramine, none of these additives caused curing of 
the Novolak phenol-formaldehyde resin on heating up to 200°, ts 


In Figure 3 are presented the results of the curing of Novolak pave ennnibiiits resin in the presence of 
hexamethylenetetamine with the addition of quinone and of quinone plus benzaldchyde. Curve 1 relates to a 
sample ~rcpared from a mixture of the composition: Novolak resin, 5% hexamethylenctetramine, 20% dibutyl 
pathalate, and 5% quinone; Curve 2 relates to a sample prepared from a mixture of an analogous composition but 
with te addition of 5% benzaldehyde. The sa:nples were prepared under the same regime as uscd for the mixture 
of Novolak resin and rubber vulcanization acce}erators, 


It might be expected that the addition of quinone, “tich is one of the widely known inhibitors of free radi- 
cal processes, would lead to inhibition of the resin curing process, Inspection of the data of Curve 3 confirms this 
coochsion. The sharp drop of the thermomechanical curve at temperatures above 150-160" és, in ‘this case, main- 
ly a consequence of the occurrence of therma! decomposition of the samples, Thus, the results of the thermomech 
: asical investigation of the curing process of Novolak resins under the influence of hexamethylencteuamine in the © 
peeseace of a number of substances which act as free radical donors leads to the conclusion that the curing of 
Novolak resin, at Jeast in one of its stages, is accomplished by a free radical mechanism, 
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SIMULTANEOUS MICRODETERMINATION OF FLUORINE, CARBON, AND 
HYDROGEN IN ELEMENTOORGANIC COMPOUNDS. 


M.O. Korshua, N.E. Gelman sad K.1, Glazova 


by Academician A.N. Nesmeyanov, Juae 14, 1956): 


Ina previously published work OL we showed het quaatiutive combustion of Nuoddes bs possi b 
during their pyrolytic decomposition in a bed of incandescent magnesium oxide in the presence of gaseous oxygea, 
The remarkable property. of magnesium oxide to retain the fluorine completely was proposed as a method for the 
simultaneous microdetermination of carbon, hydrogen, and fluorine, the carbon and hydrogen being determined 
as usual (2) and the fluorine being determined {rom the change in weight of the quartz whe a the mage 
nésium oxide in which the fluorine is absorbed in the form of magnesium fluoride, ‘ 


Further work on this method, carried out by N.S. Shevalova on a !srge number of experimental substances, 
showed that combustion of the pyrolysis products in the magnesium oxide bed gave exceptionally reliable resulss 
for carbon and hydrogen of organic fluorine compouncs of varying composition and properties. On the contrary, 
the gravimeuic determination of fluorine was onty approximate in spite of its quantitative absorption by magne- 
sium oxide, owing to the unfavorable weight factor in the calculation and to the insufficient constancy of weight 
of the quartz tube containing the magnesium oxide, in which the combustion was carried out, - 


Our further investigations were directed toward firding a route for the quantitative determination of the flue - 
orine, which is in the magnesium oxide bed in the form of magnesium fluoride, and thereby two obtain a reliable 
method for the simultaneous d¢termination of all three elements. For this purpose, we investigated the abikty of 
the fluorides of certain metals to undergo pyrobydrolysis, i.¢., to oecompuss under the action of superheated steam 
with the Uberation of HF and MeO [3, 4}. The most favorable conditions for the completion of pyrohydrolysis of 
several milligrams of MgFs in 20-25 minutes were s temperature of 1000° and a steam rate corresponding to 0.5 
ml of condensate per minute. At a lower temperature (900°), the time required for the pyrohydrolysis increased 
sharply snd was measured in hours; an increase in the temperawre above 1000° during the work with magnetium | 
exide in a quartz apparatus required caution.owing to rapid destruction of the quartz tubes. An increase in the 
steam rate Jed to the formation of a dense plug in the granuls. magnesium oxide preparation which prevented 
tapi¢e S;:chydrolysis; lowering the steam rate to 0.3 ml of condensate per minute considerably retarded the: process, 


These observations formed & basis for a method fo. the simultaneous determination of carbon, hydrogea, and 
fluorine which consists of the following. The materia! to be analyzed (4-10 mg) is bummed in @ sueam of oxygen 
in a bed of granular magnesium oxide, 15-18 cm long heated to 1000°, The magnesium oxide is contained in a 
quartz case with a screen bottom, the case being placed in an empty tube for the combustion. At the conclusion 
of the combustion, the absorption apparatus is weighed: as usual, and the case with the magnesium ode is weated 
- with superheated steam under the conditions indicated above. As the pyrohydrolysis proceeds, the hydrogen fluoride 

enters the receiver along with the condensate, and the fluorine is determined by titration. A single determination R: 
of C, H, and F requires 1.5 hours. The magnesium oxide, after a drying, is reosed, 


‘If the material being analyzed contains other elements besides C, H, O, N, and F, for example phosphorus, . 
boron, or silicon, which are retained during the combustion by. the magnesium oxide in the form of compounds not 
decomposable by steam, the fluorine in the condensate can be titrated cither by alkali or thorium nitrate, In the 
presence of other halogens or sulfur, which form pyrohydrolyzable salts with magnesium oxide, the fluorine can be 
titrated only with thorium nit. te, According to our observations, sulfur is completely retained by the magnesium 
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oxide, whike chlucine and ate only partially refalued. Metallic silver is used, as usual, fur the absurption 

of halides (2, The ther of the atkall ve thorun altraty is established by combustion of pusy organolworins cua 
By uwans of the described, it is possible determing carbon, hydrogen, and ia a single 

of an compound coutalaing phoipborus, boroa, silicon, halogen, sulfur, ané altrogen, The 


results of some analyses are presented Table 1, 
TABLE 2 
Nanw and formula of _C, in % _H, in Ff, in & 
substance found | calc. differ. | found | cake. differs. | found | calc. | diff. 
p-F worocinnainic acid 65.15 +0.09 | —0.03 | 11.30 —0,14 
os.26 | © | | 4.25 | | ares | | -0.03 
Trifluotuaceta mide 21.38 +0.13 | 2.01 +0.23 | 50.31 -0.11 
| | .0.06 | 1.68 | | 40.22 | 80.29 | | 
Poly tctraflworoe thy lene: 23.96 | 0.1 _ | +01 | 76.19 +0.21 
(GF 26.0 | - - | 26.07 | | 40.09 
Perfluorotriethylamine 19.60 40.18 | 0.11 +0.11 | 77.0 - | 40.29 
19.53 | | ois | - | 7661 | 
Diphenylenephenyloxonium | 64.90 —0.21 | 4.09 40.15 | 22.83 | -0.05 
borofiworide | 65.17 | | 4005] 3.07 | | oes | | 
8 Initropheny) 38.73 seco | * 0.04 | 4.03 3.96 40.07] 6.88 eso} * 
me thy 38.71 +4.02 | 4.01 40.05 6.91 40,21 
a-liydroperfluoropropiona- | 44.76 | 44.96 | —0.20 | 7.93 | 7.91 | +0.02] 25.60 | 25.5¢ | +0.06 
mide ¢ wimethyKy-di- | 45.92 | 45.72 | +0.20] 827 |. 814 | «0.23 26.43 |] 24.52 | 0,09 
ethy laminupropy I)silane 
+ CyptingSiN 


Note: Al analyses were carried out on samples of 5-9 mg, 
Received May 24, 1956, 
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ISOMEPIZATION OF ALLYLIC ORGANOMETALLIC COMPOUNDS 


Kropachcw, B.A. Delgoplosk and K.V. Daallovich 


(Presented by Academician v.A. Kargin, June 28, 1956) 


The process of isomerization of unsaturated compounds with shifting of the dcuble bond (allylic rearrange- 
ment) has lofig attracted the aticntion of investigators, and a number of allylic de dvatives have been studied. 
More rccently, works have appeared in which the possibility of isomerization of unsaturated hydrocarbons under 
the influcnce of metallic sodium has been indicated. Thus, Morton and co-workers [1} showed that strsight chain 
a-olefins are easily tsoimerized to B-olcfins. Ipaticff and co-workers [2] found that 1-butene -decene are 
isomerized to cis- and trans-B-butene and -decene, respectively, ai:d the reaction fs considerably accelerated by 
the presence of such substances (promoters) at o-chlorotolucne, anthracene, etd. The authors assumed that theses 
conversions procecd through an organometallic compound stage. An assurnption of the possibility of an allye 
tautomerism of organometallic compounds was made by Zicgies [3] in connection with a study of the suuciure of 
polybutadiene, The rcactive cnd of the sine: Hthismalky! polymer was represented by Ziegler as a mixture 
of ally} tautomeric forma: 


The study of the question of isomerization of organometallic compounds of tet 
the clarification of polymetization mechanism, 


The present investigation was devoted to confirmation of the assumption of the existence of equilibdium iso- 
meric forms of allylic org>nolithium compounds. From a mixture of isomeric butenyl chlorides we obtained, by 
the method uscd for the synthesis of butyllithium [4], a mixture of isomeric organolithium compounds, 


Decomposition with water gave 2 mixture of butenes, the composition of which characterized the ratio of 
the corresponding forms of the organolithium compounds. All reactions can be represented by the following equa- 
tions; 


CH,—CH = CH—CH,G] CH, 
+ uu + HO 


butens - 

The composition of the mixture of butenes was dctermined by distillation in a Dementyeva analytical col- 
umn [5}. Characteristic distiNation curves are pecsented in Figure 1. The effect of temperature and of the reaction - 
medium on the equilibrium state was investigated, The latter was of interest in connection with the adility, noted 
in a number of works, of such substances as ether, dioxane [6, 7}, and dialky! sulfides [8) to form complexes with 
organolithium compounds, It might be supposed that, in a given case, these substances will have an effect on me 
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state of the isomeric tornu, Tho data 


‘As a of dic investigation was 

deed that decompusitioa water of alcohol of 
2 cf lsomeric organolthium compounds is 
forins a mixture of @- and &-butenes 
in a tale of 3:1, and in the presence of cthor or 

dioxane this rauo becomes (Table 1). The ef- 
fect'of temperature Is less sharp, Thus, the of 
a- and 8-butenes was 1:1 at + 20°, and 1.6: at 
-S0°. It follows from these data that reaction con- 
‘divioas considerably effect the eyuilibsium of the 


Fig. 1. Distillation curves vf a mi Lsomeric fornss of ally lic organolithium compounds. 


microcolumm 1) widiout additive, 2) wits ether added, - Wittig [3] established that organolithium com- 

‘ very probable that this, in particular, facilitaus the 
TABLE 1 : course of the isoinerization act, with the sesult that 


ene of the molecules undergoes isomeric transform= 
Con positions of Butene Mixtures from the Decomposition ation, and the other remains unchanged. This cca 


of Dutcay lithium in Petroleum Ether Solution be represcaicd, for example, as follows 

Decomposition Temp, | g-Buteme Me ; 

1.6 

With added diethylether | +29 Jie 

With added dioxane «20 - $0 It should be noted that a similar concept éaa 
4.9 be used 10 explain the mechanism of formation of 


: unis of chains in a polymerization process. 
The divect cis- wans-form isomeric requires considesable follow- 


ing course of the reaction apsears more probable: 
he 1iC—CH,Me 


The factors indicated above can have an effect on the equilibrium szaté of the fsomesic forms in this case 


Receives may 28, 1956 institute cf High Molecular Compounds 
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SYNTHESIS OF SOME SILICON COMPOUNDS WITH CYCLOALKYL RADICALS 


N.S. Nametkia, Academician A.V. Topchiev and Cheraysheve 


In a previous work [1}, we showed that tribromosilane adds to unsatusated hydrocarbons with high yields, Is 
connection with this, it was of Interest to compare the activity of silicon bromides containing an Si—H bond with 
analogous silicon chlorides in reactions with. unsaturated hydrocarbons. In the present communication are described 
reactions of :ilicon compounds cot_iaining an Si-H bond with cyclohexene and The 
tions were carried out under ultraviolet irradiation and also in the presence of benszoy) peroxide, 


: ay 38 20.76 

4 |g. 93 | 
190-192 | | 6s 13.8 

_| 130-49 | 8 110 
| 101-108 | 2 b 90 12 15.5 
| s | » | | 107 

| 10-152] 7 | b 


*a) ultraviolet irradiation, b) benzoyl peroxide, c) platinized carbon. 


~ 


A comparison of the data of Table 1 shows that the ylelds of cycloalkyltrichlorosileucs obtained by ultra- 
vioict irradiation are >>wer than the yields of cycloa)kyluibromosilanes previously obtained by us under analogous 
conditions {1}. It is interesting to note that even ia the experiment carried out with benzoyl peroxide, the yield 
of cyclohexyltichlorosilane was lower than the yield of cyclohexyluincmosdlane obtained by ultraviolet irradia- 
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Os comparisve of the experiments va the addition of and of laves to 
it is list ths an: the more active in reactions with unsaturated hydrocare 
bows, No adlidve product was detected when the rvactioa of incthy with cycloucacas was aiticd 
citicr under irradiation of im the presence of benzoyl peruxide, We were sble w obtain cyclohexyl- 
Nichlorod only ip the presence of a acuve catalyst — carboa. 


TABLE 2 
Formals | BP~ S| 
No, found | cale. 3 

8i—8S 10 | —98.5 | 1.4487 | 0.6221 S097 | 51.0 
| 750) —83.7 | 1.4661 | 0.8475 | 4.79 | 65.19 | 86.3 
ut 128—1230 5. | —70.5 | 1.46% | 6.8482 | 78.72 | 79.08 3 
vi 142.5—144] 2 | 1.4700 | 0.8494 | 93.23 | 92.73 
Vv 163—165 | 745 4.4464 | 0.8150 | 54.32 | 51.30 
VI 436—140 4.4674 | 0.8480 | 92.63 | 92.97 . 


[2] for aD 1.4477; < 0.5163. 


From the cycicalkythalosilanes prepared, a sumber of silicon-containing hy 
silanes — were prepared, the ———- of which are presented in Table 2 


EXPERIMENTAL 


a) Uhraviolet irradiation of 41 1g of and 453 g of 
gave 6.5 g (21% yield) of cyclohexyluichlorosilane, 


b) Reaction of 50 g of cyclohexene and 94 g of tichlorosilane in the presence of 4 g of benzoyl peroxide _ 
gave 73.2 g (57.9% yleld)-of cyclohexylwichlorosilane, 194-1962 at 756 mm; 1.2298; 1.4796; MRp 
count 50. 19, calculated 50.20, 


Found Cl 48.63; 48.52. C,H, SiC. Calculated Se C1 48.68, 


Literature data [3] for 199° 


Methylcyclopentyltrichlorosilane. Ultraviolet irradiation of 32 g of 1-methy}cyclopectene and 54 g of 
g2ve 11.6 g (13.6% yield) of B.p, 80-82" at § mm; 


= 1.4716; MRp found 50.29, calculated 50.25, 


- 


Found fe C1 49.13; 49.12 Calculated te €149.70, 


Cihnnitinvns inenattinin. Reaction of 2] g of cyclohexene and 17. 8 g of methyldibromesilane (used 
51 g of a fraction boiling at $3-100° obtained from the product of the reaction of methyl bromide with silica in a 
sueam of H3r, methyldibromosilane conient 35%) in the presence of 5 g benzoyl pen xide gave 7 g (28.1% yield) 
of cyclobexylmethy Idibromosilane. 104-106" at 5 mm; 1.5846; 1.5887, MRp found 56.51, calculased 


Found fe Br 55.27; 54.76. Calculated Je Br 55.90, 
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Cychexy bets Wich lane 40 of cyclohexene, 57 g of methyldichlorsilane, and 0.3 g of platinized 
casbon were heated fn an auteclive a temperature of 200° for G hours, 16.4 (19.72) of cycholrexy 
chlorositane was obtained. at 747 1.4718; 1.0573; MRp caiculawd 52,56, found 82.64, 


Found C1 35,42; 16.19, Cylt hy. Caleutatod te ci 90.04, 


Literature data [4 bop. 204° at 1745 mm, 


Cyclohexy lethy lane, Reaction of 21 of cyclohexcne 11.7 g of lane (used 53 g 
of a fraction builing at 1:30-145° obtained front the products of the reaction of ethyl bromide with silica, ethyldi- 
bromosil ne conivat 22%) in the presence of 5 g of beazoy) peroxide gave 7.1 g (44% yield) of cyclobexylethyhl- 
bromosilane. B.p, 150-152" at 7 mm; 1.5157; 1.5326; MRp found 61.39, caleulated-61.07. 


Found Br 8,14; $9.66. Calculated $e Br 63.33, 


CyclohexylethyldichJorosilanc, Reaction of 10 g of cyclohexene and 36 g of ethyldichlorosilane in the pre- 
sence of 4 g of benzoy! peroxide gave 6.3 g (10.7% yield) of B.p. 101-102" at 2 max” 
1.0789; nj} 1.4749; MRp found 54.86, calculated 55.07. 


Found C) 32.43; 32.09, CyHySiCly. Calculated $e 33.65, 


Preparation of Si licohydrocarbons 


Cyclohexy were prepared by organolithium synthesis, was 
pared by the addiuion of wiphenylsilane to cyclohexene in the presence of platinized 


is '-ne, 2.2 (85% yleld) of cyclohexyltrimethylsilane was obtained from 4 g of Uthium, 
30 g of methy] iodide, and 4.6 g of cyclobexy Ime thy Idibromod lane, 5.9, 84-8S° at 10 mm.. 


Found C 69.9; 69.20; H 32.83; 12.95, CytiggSl. Calculated %e 69.15; 12.89, 


4.5 (86.5% yield) of cyclohexyluiethylsilane was obtained from 3 g of magacsium, 
15 g of ethyl bromide, and 6 g of cyclohexyltrichlorosilane, 226-227° st 763 mm. 


Found C 12.66; 72.88; H 12.72; 12.79. CyliggSi. Calculated C 72.65; H 13.21. 


Cyclohexyltipropylsilane. 9.4 g (47% yield) of cyclohexyluipropy silane was obtained from 9 g of lithium, 
80 g of propy] bromide, and 30 g of cyclohexyluichlorosilane; B.p. 128-230" at 5 mm. 


Found 75.05; 14.93; H 13.27; 13.29, Cxlculaied Se 74.91; H 13.41, 


Cyclohcryluibutylsilane, 20.8 g (74% yield) of cyclohexyluiburyhilane was obtained from 10 3 of Lithium, 
82 g of buty] bromide, and 35 g of 142-144-312 mm. 


Found % C 78.75; 16.59; H 13.59; 13.58. CyH3,Si. Calculated Je © 76.51; H 13.55. 


6.1 (78% yield) of methy leyc lope aty Itrimethy isi lane, b.p. 163-165" at 
745 mm, was obtained from 6.3 g of lithium, 56 g of methyl iodide, ard 10°g of methylcyclopenty]uich\orosilane, 


Found 69.37; 69.26; H 12.50; 12.61. Calculated 60.15; 12.89. 


Methylcyclopentyltributylsilane. 17.2 g (68% yield) of methylcyclopenty ltributy silane was obtained Som 
10 g of li hium, 82 g cf buty) bromide, and 31 g of B.p. 136-140° at 2mm, 


Found C 76.58;°76. 60; 13.48; 13.52, CyHysSi. Calculated (C7651; H 13.58, 


Cyelchexyluiphenykilene, 10 g of cyclohexene and 32 g of twiphenylsilane were heated at 160-170" in a 
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waked few tz the of 0.2 g of catboa, (20.$ of. 
potty hd lene was obtained, ap. 232", 


107.6); 7.42; SE 7.57; 7.04, Calculated $e C 84.21; H 7.50; 8,19, 


Found CM 
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PHOTOREAGTIONS OF ORGANOCHROMIUM COMPOUNDS 


G.A. Razuvacy, Yu.A. Sorokin and G.A. Domrachew 


(Presented by Acadcuician LL. Kaunyants, June 25, 1956) 


Synthesis of the first organochromium compound was accomplished in 19191}, From that time unti) 1941, - 
Hicin was able to isolatc and desetibe some of the propertics of a scries of derivatives of pentapheny|- (2), tetra 
oheny H{3}, and [4 The author (ficih) assumed that im pentaphenyichromium hydroxide, 
(Cel totrepheny jodidc, and tri pheny Ichromium fodide, (CgH,),Crl, the metal atom 
has differcnt vakencics equal, respectively, 5, and 4. Ie noted the *anomalous® reaction [5} of the conver- 
ston of pentaphcny Icluomius: fiydrexide, which possesses strong alkaline propertics, to tetrapheny ichromium deriv- 
atiyes under the action of vatious acids (with the exception of acetic, chloroacetic, and sulfuric acids and of CO,). 
By diss means, mee than 50 salt-type desivatives were obtained. Further, it was shown that peatapheny ichromium 
faydronidc reacts anomaiously with certain salts of non-oxy acids 


The lbcration of hydrogen, as required by this equation, was not detected in the rcaction, 


1—~X=—10—GH, hydroxide) or 


Klemm and Neuber {6}, acting on Hein"s assumption, the magnet of the penta-, 
teua-, and wiphenyl werivatives, and showed that it is of the same order fn all of ticm (1.7 Bohr magnetons}, 
which indicated the presence of a single uapaircd electron. It was, therefore, assumed that che valence of chromium 
in these compounds is the same and cquaij to 5; however, they did not arrive at a definite conclusion, 


Owing to the difficulty of their preperation and to the low yields of organochromium compounds, these com- 
pounds were not studied over a long period of time. Then, in 1955, Zciss published a preliminary commurication 
{7} in which the structural formulas 1 and II were proposed. These were based on the following data: 1) investiga- 
tions of the magnetic susceptibility [€}; 2) the identity of the absorption hinds in the uluaviolet at 313 my; and, 
finally, data from the reduction of organochromiuim compounds with an etherea) solution of LIAIH, [8]. However, 
the results of the rzduction were not of a quantitative nature; thus, for example, the reduction of (CgHs)sCrOH gave 
48% dipheny! and 41% phenos; the reduction of (CgHs),Crl gave dipheny! with a yield of 764% 


It seemed to us to be of Interest to carry out the photodecomposition, in solution, of these sideiangt come 
pounds of chromiuns, It is known thst, upon ultraviolet irradiation of [9], (CgHg)Sn [10], (CgH;),Pb [1 0}, 
er in solution, the radicals resulting from the photodissociation, as a rule, split out hyd ogen 
from the solvent yielding-benzenc; only in the case of ulpheny! bisnrth is there obtained an appreciable amount 
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wf dipbeayL If (2s considered by Mein) the Investigated compomnds “talu phony! groups directly connected to 
the chroniium stem, bemzcne, and only of dipicuyl,woald be expected in the producis; dhe 
picture would be analogous to that of the otbus compounds, 


The initia) compounds were synuwslecd by the inethod of tela from pheny 
browide (prepared 150 g of cad 25 g of magnesium) and an vthercal suspension (40 g) of sub- 
chromium chloride, which was added at -10°. After maintaining the reacuon mixture at room temperature 
overnight, it was dccomposed with sulfuric acid and foc, and from it diere were scparatod, by appropriate tvat~ 
bei orange crystals of (Cyl (0.54 g) aad (Cyl 2CHC!, (0.36 g), which were iden- 
tical ia propertics with the compounds of Hela. 


Upoa ultraviolet israviatioa (PRK<2 lamp) a quartz apparatus of 0.4 g of hydroxide 
is 30 ml of chloroform (G bours), the color of the solutiva changyd from an intense orange to Ught greea, and a 
greene peecipltate, soluble in water and contain'ng chromium and chlorine, was forined, Aftcr slow distillation of 
the solvent, the residuc was treated with a methanol solution of KOI and stcam distilled; in the distillate was. 
found 0.186 ¢ of dipicay] (79.3%, calculsted on the basis of 2 molcs {rem the original material; see Structure J), 
m.p. 70°. The residue, after distillation, wes acidified with sulfuric acid, steam distilled again, and the distillate 
brominated by the bromide-broinate method; this gave 0.158 g of tibromophenol (62.8-0f dworciical), m.p. 
95° (from benzene a mixtuce with a knows sample melted without depression of the telitnigsttid Benzene was 
act detected in the cour the separations, 


aod phenol ale fund fa th produce ofthe of hy 
ia me thy! alcohol, 


Irradiation of a solution of 0.3 g of (C,H,)Cxl- 2ClICh, in 20-m! of chloroform was carried out over a period 
of 30 hour. The color changed from orange -yellow to rose -violet (iodine -in chloroform), and a green precipitate 
was also formed. The solvent was distilled; benzene was not found in the — yoga < was isolated by 
steam disnllation of the residue; the yield was quantitative, m.p. 70°, 


These wuantitative data indicate that the four phenyl groups in lodide are not 
connected with the metal atom, but are present in the forin of two dipheny] groups, The structure of penta phenyl- 
chromium hydroxide is, apparently, analogous to that of tevaphenylchromium iodide, the only difference being 
that the fifth pheay] group enters Into the composition of the molecule in the form of a phenolate “snion. This 
agrees well with the qualitative data of Zeiss and Tsutsui [3], and explains the “anoms Jous® salt formation of 
peataphenyichromigm hydroxide, which should be considered as the phenolate of tetraphenylclsomium., The strong 
alkaline properties of the latier are due to the phenolate anioa, waich, as Is we’) kciown, is a strong hase. 


Structure I] could be assumed for qe structure of derivatives of tetrapienylchromlum; however, it does 
not explain the instability of the derivatives with respect to water nor the alkalino properdies of tewaphényichromium 
hydroxide discovered by Hein[11}. Therefore, Structure III must be rejected, and we consider that die Scructure. 

mosi compiciely to the availabls data. 
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